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PREFACE

The report on this project is divided into four parts. This
format was selected because it was Ffelt that the nature of the
information presented could most easily be followed by the
reader when presented in this manner.

PART I "PROJECT SUMMARY"

This part gives an overview of the report and summarizes the
conclusions, recommendations and proposals for implementation.
It is intended to provide upper level management personnel and
others a quick but sufficiently thorough presentation of the
total project without discussing the details.

PART TII "SYNTHESIS OF THE LITERATURE ON QUIETING DIESEL
POWERED TRUCKS"
This part summarizes the individual efforts of the Freightliner,
White Motor Company, and International Harvester Corporations in
analyzing and mitigating truck noise. Also, tire noise studies
by the National Bureau of Standards are reported. These studies
were performed under contract to the U.S. Department of
Transportation.

PART III “SYNTHESIS OF THE LITERATURE ON QUIETING CONSTRUCTION
EQUIPMENT"

This part covers the various publications on construction equip—

ment noise. Federal and state laws are also discussed.

PART IV "CALIFORNIA'S WORK ON QUIETING A DIESEL POWERED

TRUCK AND A DRILL RIG"
This part describes the modifications to a diesel powered truck
and test results indicating the successful efforts to build a
"quieted" truck., It also discusses some work done to quiet a
drill rig used for construction and maintenance.
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INTRODUCTION.

The National Environmental Policy Act of 1969 (Public Law 91-190)
declared a national policy for encouraging productive and enjJoy-
able harmony between man and his environment. This legislation
was enacted due to public concern about the extensive polliution
of our environment.

Noise is one facet of this problem and is defined as unwanted
sound., Noise can be annoying, interfere with various activities,
and may cause physical or psychological damage. Figure I
illustrates the relative scale and effect of noise on people.

Highway traffic noise is one of the largest sources of noilse
pollution in our soclety and, on highways, diesel powered trucks
are the loudest noise source. Diesel and non-diesel powered
construction equipment is another serious noise pollution source
related to highways. Literature on these subjeets 1s limited.

In April, 1971, the Federal Highway Administration (FHWA)
approved a California Department of Transportation, Transpor-
tation Laboratory project entitled "Diesel Truck and Motorcycle
Noise Baseline and Reduction Methods". The following month, the
project was combined with another to eliminate redundancy and
was entitled "Determine Feasible Noise Limits For Constructilon
and Maintenance Equipment and Study of Noise Reduction Methods".
Responsibility for the new combined project was given to the
Equipment Department of the California Department of Transpor-
tation. The purpose of the study was to find practical methods
of quieting the sources of highway related noise pollution and
applying them to construction and maintenance equipment. This
study was to lead to suggested specifications and guidelines for
operation, purchase, and retrofitting construction and malniwcizi..

equipment to reduce noise pollution from Caltrans operations.
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4 Use findings from items 1, 2 and 3 to retrofit noisy con-
struction equipment. '

5) Use findings from items 1, 2, 3 and U4 to develop specifi-
cations for construction contracts.

6) Use findings from items 1, 2, 3, U4 and 5 to develop guide-
lines for equipment operations to promote a quiet environment.

7) Use findings from items 1, 2, 3, 4, 5 and 6 to develop quide-
lines for purchase of maintenance and construction equipment.

SUMMARY AND CONCLUSIONS

Studlies performed by various investigators have demonstrated

that the technology is available for quieting old diesel powered
trucks. Also, new trucks can be manufactured to meet the current
and proposed noilse regulations. Various researchers also reported
on successful ways to quiet construction related equipment.

Conclusions Part IT Synthesis of the Literature or Quieting

Diesel Powered Trucks

1) The major sources of nolse on the White, International
Harvester, and Freightliner diesel powered trucks were the
‘eooling system, exhaust system, engine, intake and transmission,
in this general order. Tire noise was not included because tests
were performed at low speeds around 35 mph.

2) The total noise for the trucks studied was initially
‘around 88 dBA and was lowered to about 78, 76 and 72 dBA for
the International Harvester, White, and Freightliner Trucks,
respectively, after modifications were made to dquiet these
trucks,



3) Use o%}éwéemﬁéféture controlled cooling fan was the most
effective modificétion from an engine efficiency and noise
reduction stanépoint. Other 1tems such as using a larger radiator,
a larger fan, slowing fan speed and shrouding the fan were effec-
tive in reducing cooling system noise. The maximum noise reduction
in the coollng system was achleved by International Harvester

(86 down to 66 4BA). |

Ly Exhaust nolse 1s generally reduced by using a large, heavy,
properly designed muffler and using heaVy exhaust pipes to
minimize shell noise., The maximum noise reduction in the exhaust
system was achieved by Freightliner (82 down to 65 dBA).

5) Engine noise was most effectively reduced by using a partial
enclosure systém. This method 1s similar to putting the engine

in a tunnel with baffles at each end. The maximum noise reduction
in the engine using the enclosure system was achieved by
Freightliner (84 down to 72 dBA)Y.

6) Intake system noise was generally quieted by using a

silencer or using a different off-the-shelf system. Freight-

" liner achieved the greatest reductlon in the intake system

noise (82 down to 72 dBA).

7) Estimated iniltial additional costs to the customer for a
quieted truck were $1,390 (International Harvester), $1,307 (White)
and $1,644 (Freightliner).

8) There were increased welght, maintenance, and operating
costs but these ltems were not fully reported since it was:
difficult to differentiate between normal costs and additional
costs due to the qulieting modifications.



10) Tire noise is dominateq by speed, road Surface character-
1sties, and tread design. It becomes a major noise Factor above
35 miles per hour,

11) Rib tire designs were the quietest.

12) Cross bar tire designs were the nosiest,

Summary Part IIT Synthesis of the Literature on Quieting
Construction Equipment

Specific conclusions, the pertinent information is Summarized
from the various bPublications.

1) Most construction eQuipment such as earth moving, Processing,

compaction, stationary, and impact equipment is gasoline or diesel
powered and the Principles fopr quieting these eéngines are discussed

in parts II and IV of this report, Briefly, noise mitigation
measures consist of the following:

a) Install or replace the exhaust muffler with g
unit recommended by the muffler manufacturer. This
is usually the first and most Important step to
Quieting an engine,

b) Perform maintenance to keep all fastened parts
tight and ali moving parts well lubricated.



c) Use commercially available damping material on sheet
metal surfaces.

d) Tnstall or replace intake mufflers.

e) The more difficult measures would be the cooling fan

modification and installing rubberized engine mountings.

2) a) Some pile driver noise can be minimized by muffling
exhaust noise or using sound muffling encasements con-
structed with about a 5 mm thick rubber.

p)  Vibrating pile drivers are 1less noisy than impact
pile drivers.

a) Hydraulic pile drivers are 1ess noisy than steam
or prneumatic units.

3) Pneumatic Jackhammers can be gquieted by using muffling
aprons and installing exhaust mufflers.

) The most effectlve means of quieting a compressor is %o
totally enclose the unit afterainstalling an adequate muffler.

5) Conerete mixing process nolse can be reduced by using
V-belt instead of chain drive, applying noise damping material
£to the mixing drum, and proper maintenance. Placing the mixer
in a wooden shed can reduce nolse as much as 15 dBA.

6) Sharp saw blades can reduce circular saw noise by as much

as 5 dBA. Muffling pads and discs are helpful. Operation in a
shed can reduce nolise by about 10 d4BA.



7) Use of electric motors instead of internal combustion engines
is preferable from a noise standpoint.

3) Regulations are very effective in forcing manufacturers

to design noise control into their products. They can also
require retrofitting old equipment with noise control devices,
maiﬁtaining, and operating equipment with noise control devices
to minimize noise. '

9) In some cases, scheduling of wvarious operatlions, changing
procedures or equipment, or limiting operating hours may reduce
total noise or shift 1t to a time of the day when the ambient
is high. ‘

10) Stationary noisy operations should be kept as far as possible
from the construction site boundary to protect the public. '

Conclusions Part IV California's Work on Quieting a Diesel
Powered Truck and a Drill Rig

A 1964 Chevrolet diesel powered dump truck was successfully
quieted. Nolse level reductions on the modified truck varied
considerably depending on vehlcle speed and operating mode.

The following conclusions generally indicate the noise reductions
achieved during the various conditlions of test.

1) Engine off = Cruise mode tests at 55 mph showed about 70 dBA
for the modified truck and 72 for the regular truck.

2) Englne on - Cruise mode tests at 55 mph showed about T2 dBA
for the modified truck and 77.5 for the regular truck,



3) Engine on - acceleration mode tests at 50 mph showed about
73 dBA for the modified truck and 82 for the regular truck.

) SAE J366a - acceleration mode tests at 35 mph showed about
76 dBA for the modified truck and 81 for the regular truck.

5) Engine on - driveby tests for the modified truck showed
nolise levels Slightly increasing from 63 to 66 dBA from 15 to
35 mph, The increase from 35 to 50 mph is somewhat greater
ranging from 66 to 75 dBA. There was no significant difference
from 50 to 55 mph., Noise levels were slightly higher when the
driveby tests were performed with the muffler of the truck on
the side closest to the microphone,

RECOMMENDATIONS

1)  The California Department of Transportation (Caltrans)
should adopt the proposed noise control specifications shown
in Appendix B for construction equipment for all transportation
construction contracts.

2) The specifications shown in Appendix C should be used for
burchase of new agency owned and operated construection and
maintenance equipment.

3) Caltrans Equipmenﬁ and Maihtenance Offices at Headquarters
and the Districts should undertake a program to retrofit all
internal combustion engines with adequate mufflers designed to
achleve the maximum reduction in noise. This would only appliy
in cases where no muffiers exist, where replacements are needed,
or where there 1s an exhaust noise problem. Guidelines for
maximum noise levels are shown in Appendix D. In some cases,

it may not be economically feasible to accompllsh the mitigation
measures by retrofitting.

10



h) Caltfans should adopt a policy of using Distriet Environ-
mental personnel to assist Construction and Maintenance personnel
in monitoring equipment noise so that appropliate abatement
measures can be taken.

5) A further study should be made to determine whether the
position and direction of* the exhaust outlet might reduce the
noise levels from trueks to the receilver. The data from this
study suggests that the exhaust outlet configuration be modified,
pPlaced on the left side of the truck and be pointed towards the
center of the highway to reduce neise to the receiver off the
right of way,

IMPLEMENTATION

Reducing noise poliution 1s a matter of economics, As an example,
initial efforts to Quiet vehicles may simply require a new muffler,
but the maximum noise control may require desligning an enclosure
system for the engine ang drive train., How much noilse attenuation
must be achieved for'vehicles_and construction equipment is con-
trolled by various laws, guldelines, ordinances, and specifications’
of different public agencies,

The researchers feel that Caltrans should be a leader in this
field and be guided by the provisions of the Environmental Policy
Act of 1969 and the California Environmental Quality Aect of 1970.
Every effort should be made to incorporate the latest findings
from research studies and apply them where feasible even though
specific legal requirements may not exist.

11




'Véhicle Noise Control

Federal and California laws adequately control nolse emissions
from newly manufactured vehicles (Part III). However, much can
be done to minimize noise from older vehicles manufactured before
the laws were passSed and for those vehicles whose component parts
are worn and need replacement. In some cases, nolse attenuating
devices can be retrofitted to older vehicles.

Equipment managers and equipment maintenahce personnel can take
the following steps to quiet vehicle noilse:

1) The first, most simple and cost effectlive step in quieting
vehicle noise 1s to have an adequate muffler designed to reduce
exhaust system noise. Muffler manufacturers should be consulted
to ensure that the unit will be compatible with the engine and
nbt create excessive back pressure. They will also be able to
‘indicate the amount of noise reduction that can be expected.

As an example, the Donaldson Company has a muffler attenuation
rating (dBA reduction from straight stack) to describe the
performance of thelr mufflers. It ranges from 3 to 35 with the
foilowing classifications: 3-5 minimum, 5-=12 bark arrester,
12-~18 moderate, 18-25 good and 25-35 hi-silencer.

Exhaust system nolse should be measured before and after modifi-
cations so that effectiveness of the abatement measure can be
evaluated.

The following 1s a list of sources which may be able to provide

information on mufflers., It i1s not all inclusive but is intended
to serve as a gulde.

12




-SOURCES FOR TRUCK AND CONSTRUCTION EQUPMENT MUFFLERS

1) - Alexander-Tag Industries Inc.
395 Jacksonville Road
Warminster, PA 18974

2) AMF Beaird, Inec,
Maxim Silencers
P. 0. Box 1115
Shreveport, Louisiana 71102

3) Dénaldson Company, Inc.
1400 West 94th Street
Minneapolis, Minn.

) Kittell Muffier & Engineering
1977 Blake Avenue
Los Angeles, Calif. 90039

5) Mariemont Corp.
3025 West 47th Street
Chicage, Illinois

6) Nelson Muffler Corp.
Stoughton, Wisconsin 53589

7)  Reiker Mfg. Inc.
4901 Stickney Avenue
Toledo, Ohio 43612

8) Stemco Mfg. Co.
P. 0. Box 1989
Longview, Texas 75601

9) Walker Mfg. Co.

1201 Michigan Boulevard
Raclne, Wisconsin

13



2) Cooling system fan noise is often a predominant source of
noige. Effective procedures are to shroud the fan, change pulley
diameter to slow the fan down, and use larger fans to maintain
the same volume of air flow.

A temperature controlled fan 1s very effective when the vehicle
is used predominantly at hlgh speeds.

The manufacturer of the engine should be consulted before any
changes are made in this area so that optimum operational
characteristics will be retalned.

Noise reductions of 10 dBA or more may be achieved in quieting
cooling system noise. |

3) Other measures that may be helpful if the exhaust and cool=-
ing system noise emissions are reduced 1is to use commercially
available intake system silencers and engine acoustic cover
plates. These items can reduce nolse by about 3 dBA. Informa-
‘tion can be obtalned from the engine manufacturers.

4) A final procedure for quieting vehlcle noilse which requires
special designs and major vehicle modifications is to enclose
the engine and drive traln with sound attenuating material.

This 1s a very effective but costly method that 1is not generally
recommended for vehicles but may have some applications for
construction equipment in special locatlons where noise control
is a paramount concern. '

Mitigation of Maintenance and Constructlon Equlpment Noilse

The techniques for quieting noise from equipment in thils category
were discussed in the summary for "Synthesis of the Literature on
Quleting Construction Equipment" 1n this Part I, The specific
details of "how to" should be obtained from the manufacturer of
the particular equipment involved.
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PART IT

SYNTHESIS OF THE LITERATURE ON QUIETING
DIESEL POWERED TRUCKS
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INTRODUCTION

Oregon; International Harvester Company of Fort Wayne, Indiana;
and the White Motor Corporation of Torrance, California, This
research effort was directed towards quieting truck nolse but
did not ineluge tire noise. Tyo years earlier, the Department
of Transportation (DOT), in cooperation with the National
Bureau or Standards (NBS), bPerformed research studies on
automobile ang truck tire noise,

 Heavy duty diesel truck noise is the greatest contributor to
highway noise. 1p 1971, more than 88,000 diesel trucks in the
33,000 pound class were delivered in the United States ang 45
Percent of these trucks were manufactured by the three firms
under contract, Their objective was to ldentify ang design

Freightliner, as a prime contractor, organized a team composed
of Bolt, Beranek and Newman (noise control engineers); Cummins
Engine Company (engine design and economics) Donaldson Company
(intake and exhaust systems) and Mid American Lipes (fiela
evaluations).

White Motor Corporation, as another prime oOntractor, organized
a team composed of Cummins Engine Company (engine design);

Donaldson Company (intake and exhaust Systems); Schwitgzer Company

(radiator fans); and the Hydrospace Challenger Corporation
(instrumentation and data Processing).
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International Harvester, as the third prime contractor, organized
a team composed of the Donaldson Company (intake and exhaust) ;
Purdue University (acoustic consultant and engine enclosure) and
International Harvester Engineering Research (cooling system).

The time schedule for the three contracts spécified one year

for identifying nolse sources and designing a quieted truck (to _
July 1973); one year of regular commerclal service (to July 1974)
and finally to publish thelr findings. The last report under
this sefies of contracts was completed by Freightliner in
December 1975. The reports under the DOT contract are referenced
as numbers 1 through 16.

This part of the report synthesigzes the findings of the three
contractors on truck nolse and the NBS findings on tire noise.
No effort was made to cover the detalls of all the experiments
but the significan@ achlevements are presented, The reader can
check the references for additional information.

Work by others such as Ford and General Motors is not covered

here since much of the information on thelr studies is proprietary.
Discussion with thelr enginéers indicated the work appeared to

be similar to that performed by the three contractors. There

were also other studies by Paccar and General Motors under contract
to the U.S. Department of Transportation that are not reported

here because the information was simllar to that of the three
contractors,
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DESCRIPTION OF TRUCKS

White Motor Company

The followlng 1s a descriptlion of the White Motor Company datum
vehicle used in thelr research (Reference 16),

1) White Model RC64T Road Commander truck tractor, cab over
engine, non sleeper

2) Engine - Cummins NTC-270CT turbocharged custom torque 6
cylinder in-line four cycle diesel, 270 HP at 2,100 RPM,
855CID, 5 1/2" bore, 6" stroke.

3) Transmission - Six speed Fuller RTQ06

) Rear Axle - Single speed Rockwell SQHD

5) Front Axle White F3W-120

6) Rear Suspension Hendrickson R.T. 380
D) Steering White 7J

8) Brakes Alr-Bendix

9) Exhaust Muffler Nelson~-Horizontal

10) Ailr Cleaner Donaldson 16 inch

11} Fuel Tanks 75 Gal., R.H. and L.H.
12) Battery Four 6V, 172 A.H.

13) Air Compressor Cumminsg 13.2 CFM

14) Freon Compressor Tecumseh HG-1000

15) Alternator Leece Nevlille 65 Amp
16) Engine Brake Jacobs Model 258

17) Tires General HCR (gulet rib-type)

18) Radiator Shutters Kysor

18



Freightliner

The following is a description of the datum Freightliner Corporation

vehlele used in theilr research (Reference 1).

2)
3)
b)

5)
6)
7)

8)
9)
10)
11)

12)

13)

14)

White-Freightliner COE truck tractor model WFTB8164T,

cab over engilne

Serial Number

-Car Number

Engine

Transmission

Differential

Exhaust System

Muffler

Cab

Intake

Tires

Fan

Alr Conditiloner

Year Mfg.

CA213HPO67330 | ,
52447 |

Cummins NTC-350, 6 cylinder, in-line turbo-
charged diesel with a 350 HP rating at
2100 RPM, 4 cyecle, 855CID, 5 1/2 stroke,
6" bore

Fuller RTO-12513 with 4.11:1 axle ratio
Rockwell-Standard WHD tandem (4,11:1)
Single branch 4-in. dilameter tubing. Ver-
tical muffler on right side with stack
outlet 13-1/2 ft above ground.

Con Met AO0L4-9990

81-1in. sleeper cab-over-engine

Snorkle at rear of cab

10:00 x 22 General HCR with tread pattern
of five circumferential stralght ribs
(Rib "A." ) .

26™ dia. 3-1/4" projected width, 6 blades
running at 1.2 x engine speed (SC/91MOH3)

Freightliner 320D with radiator mounted
condensor

1972
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International'ﬁarvester

The followlng 1s a description of the International Harvester
Company datum truck used in thelr research (Reference 13).

1) International Harvester model COF J070A, cab over engilne

2) Engine: Detroit Diesel BV-71IN (N-65 Injectors)
equipped with rapid warm-up cooling,
rated at 318 HP at 2100 RPM, 8§ cylinders,
2 cycle, 518 CID, 4-1/2" bore, 5" stroke.

3) Transmission: Fuller RT-910 (l0-Speed)

Ly Exhaust System: Dual 3" Diameter Mufflers, 3-1/2" In and
_ Out, Donaldson No. MSM09-0157. Vertical
Mufflers with Vertical Tallpipe.

5) Induction System:  Primary Dry Alr Cleaner, Donaldson No.
" FWA16-0107, mounted on right side behind
cab., Vertleal intake pipe with offset
metal rain cap.

6) Cooling System: Radlator - U4 staggered rows, 1l fins per
inch {(louvered plate fin type); 38" high,
26.3" wide, 2.33" thick. (1000 In.2
frontal area).

Fan -- 26" diameter, 2.42" projected
width, 6-blades, operating 1.2 times
engine speed.

7)  Tires: ' Goodyear, Custom Hi Miler, 11.00 x 24.5,
: rib tread.
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TEST PROCEDURES
h_‘\-—

IDENTIFYING SOURCES oF NOISE

Initially, the Suspecteqg Sources orp holse were.identified a8 the
e€Xhaust 8ystem, Cooling System, intake System, eéngine, transmission,
drive train, and other Component barts, Various techniques were

one being Studieq, As an €Xample, when the exhaust System was to
be studied, the intake System, engine, transmission and reagmnp axles



were covered with about four inches of fiberglass or 1ead faced
polyurethane foam TO minimize the nolse fyom these igems. 1ne
sooling fan was disconnected. Each source was uncovered individually
and tested. Coast-by tests with the engine off were used to evaluate
the tire effect and transmission noise. A1l tests were performed

in the field according Lo the SAE J366a procedure.

The Freightliner corporation used thelr dynamometer testing
faclllity which was modified with ipsulating material £O somewhat
simulate an anecholc room. They also used jnsulating material
to minimize tire and dynamometer nolse. Tests Were performed to
simulate the AR J366a procedures and data were extrapolated to
50 feet . Nolse measurements were made DY placing the microphone
near the specific component beling evaluated. Figure IT shows

the comparative test data for the three type of trucks testved.

REDUCTION OF COOLING gySTEM NOISE

The cooling system was the noisiest component in the datum vehicle
for the Freightliner, Wwhite, and International Harvester trucks
(Figure I11). Basically, the function of the cooling system 18

Lo maintain an opt imum operating temperature at all times tO
maximize the 1ife and efficlency of the engine. This is accom=
plished by controlling the flow of air and coolant in and around
the engine.

Noise assoclated with the cooling gystem comes from the fan.
Redesigning the fan helps to reduce noise but the major reduc-—-
tion comes from reducing fan rotational speed while maintaining
1ts coolling capabilities. in order tO quiet the fan, it 1S
necessary to modify the co0llng system components such as the

shroud, the radlator, and the fan—to—radiator clearance OT the
shutters.
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White Motor Company

White Motor experimehted with 10 various types of fan and shroud
combinations. The best performer was a Flex—A—Lite, Model

TF 1328-3 with 6 evenly spaced 30 inch diameter blades having
tip to shroud clearance of one inch. Test results indicated a

& to 8 dBA noise reduction and 5.5 less horsepower to operate,.

This fan was also 9 pounds lighter than the fan on the production
model, ' ‘ |




' International Harvester

International Harvester conducted their studies in the laboratory
and in the field. They found that minor noise reductions were
achieved by changlng fan design, Major reductlons were realized

by sealing the shroud to the radiator and using a contoured

shroud with reduced fan tilp cleafance. Other modifications that
were helpful included optimlzing radiator heat transfer surface,
oppimizingffan to radliator distance and the elimination of shutters.
Clutches which controlled fan operations only when needed eliminated
fan noise for a large portion of the time and resulted in a savings
of horsepower and fuel.

Modifications to the cooling system resulted in a decrease in
noise level from about 86 to 66 dBA.

Freightliner

Freightliner's effort to quiet cooling system noise was con-
centrated on the fan, radlator and shrouding. They had developed
a 2,000 square inch radiator which was much larger than their
1200 square inch radiator used in the datum truck.

Because of the larger radiator, a larger Schwitzer 7 bladed,

31 inch diameter, staggered blade fan was used on the quieted
truck as compared to the 6 bladed, 28 inch diameter fan on the
datum truck. The researchers concluded that the staggered fan
did not reduce nolse but dld make the noise less tonal and there-
fore, less intrusive.

A shroud was designed for this system with a 1/2 inch clearance
at the top and bottom and 1 inch on the sides,. The combinatlon
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of fadiator, fan and shroud allowed a reduction in the rotational
speed of the fan and stlll maintained comparable cooling capacilty.
These factors reduced the cooling system noise from about 84 to

64 4BA, '

Frelghtliner also used a "Thermatic" fan drive which permitted
the fan to be disengaged for over 99% of the truck's operating
time. This results in considerable fuel savings since the fan
needs 10 or more horsepower to operate. This savings would not
be found 1f the truck operated at slow speeds in warm weather.

%
13

REDUCTION OF EXHAUST SYSTEM NOISE

Exhaust nolse 1s created by the high velocity gas flowing through
the ports of the engine. This noilse 1s also radiated from the
manifold, the walls of the exhaust pipes, and the muffler, as
well as being transmitted directly from the open end of the
exhaust system.

The three basic types of mufflers are the absorptive, which
absorbs the noise in a porous packing material; the reactive,
whilch reflects the noise back down the pipe towards the engine;
and the dispersive, whilch creates a pressure drop in an expansion
chamber. All three types attenuate noise 1n varying degrees
depending on the size of the device and where it is placed in the
exhaust system.

Other conslderations 1n exhaust system noise control are limita-
tions on exhaust back pressure, leaks 1n the system, which are
common, and the mounting of the system.

In all cases, no attempt was made to redesign the engine in order
to reduce noise levels, \

The comparative data for the exhaust system for the three manu-
facturers are shown on Figure IV,
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Internaticonal Harvester

The International Harvester Company was the prime contractor
on this study and the Donaldson Company, a well known muffler
manufacturer, was the subcontractor. Modification experiments
on the exhaust system were performed in the laboratory by
Donaldson and in the field by International Harvester.

Various combinations of primary mufflers, reéonators, and
absorptive tallpipe were investigated. Five different systems
were studied and the final system adopted consisted of dual
exhausts with a single muffler per bank. The mufflers were a
combination of reactive, dispersive and absorptive devices
(Donaldson 5135D4T7).

The mufflers were 23% longer, 18 percent greater in diameter
and 65 pounds heavier (each) than the baseline mufflers. Pipe
shell noise was still a major unsolved problem which made
further exhaust noise reduction doubtful.

Exhaust system noise was reduced from about 83 to 73 dBA.

White Motor Company

The White Motor Company was the prime contractor on this study
and the Donaldson Company, was the subcontractor. Modiflcation
experiments were performed Iin the laboratory by Donaldson and
in the field by White. |

Dual and single exhaust stack systems were developed for study.
Each system had resonators, exhaust mufflers, and a super stack
(smaller muffler). The studies indicated one muffler did an
adequate Job of reducing nolse. Elimination of one system, the

resonator, and super stacks resulted in an increase of 2 to 3
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dBA in exhaust noise. This was not a significant contribution
when the added cost and welght were considered. The single
exhaust system equaled 75% of the dual system volume.

Noise reduction from the datum trueck to the quieted truck for
the single exhaust system was about 74 to 66 dBA. The probable
reason for the White exhaust system being quieter than the
International Harvester and Freightliner is the smaller horse—
power engine in the White truck.

Freightliner Corporation

The Freightliner Corpdration was the prime contractor on this
study and the Donaldson Company was the subcontractor. Modifi-
cation studies on the exhaust system were performed in the
laboratory by Donaldson and in the field by Freightliner.

A multiple muffling approabh of ldentifying and mitigating noise
from the various components in the exhausstg system was used.

Ihitially é three chamber exhaust manifold muffler was designed
and it helped reduce back préssure and low frequency noise.

Next an Expand-0O-Flex exhaust pipe coupling was used to minimize
exhaust leaks and provide some isolation of high frequency
vibration.

After various mufflers were Studied, a Donaldson 9 inch diameter,
venturi choke muffler (model MPMO9-0141) was placed on each of
the dual stacks. Donaldson muffler wraps‘were used to protect
personnel from muffler burns and also helped to reduce noise.

Finally, a pair of stock silencers (Donaldson AEM~00-1207)

replaced the muffler tallpipes., The silencers consist of a
perforated inner tube of the same diameter as the exhaust pipe
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surrounded by an asbestos blanket within a 6 inch diameter outer
cylinder.

The overall reduction in exhaust system noise over the datum
vehicle was 17 dBA (82 to 65).

REDUCTION OF ENGINE NOISE

4l

Engine nolse is not a major contributor to total truck noise.
However, nolse reduction in other systems could result .in

engine noise becoming a major factor in total truck noise
control.

A significant amount of structural vibrations come from things:
such as piston'slaﬁ, timing gears, valves, injector and pump
forces, and'béaring clearances.' Combustlon was another engine
component noise source. Structural response is.the.transmissidh
ol noise erm the internal members of the engine to the externél
non-load carrying surfaces, No effort was made to control noise
in these aréanbécause the research did not provide for maj or
modifications to the engine.

The major thrust of all the englne noise studies by Interhational
Harvester, White and Freightliner was directed towards shielding
parts of the engine or partially eﬁclosing_the engine. The-noise
data are shown on Figure V. - o

It 1is interesting to note that the noilse level of the Cummins
NTC 350 (84 dBA) was higher than the Cummins NTC 270 (78 4BA)
or the Detrolt 8V-71N (76 dBA). An examination of the engine
speciflcations suggests that the greater horsepower of the
Cummins NTC 350 was the reason.
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Intérnational Harvester

International Harvester's first experiments involved shielding -
the engine by attaching close fitting covers and panels, A
coated oil pan, bloeck, manifold, valve and blower covers that
were insulated and mounted with rubber grommets were designed
for the engine. Three successive trial sets were tested and the
third set decreased engine nolse by 2.5 dBA.

Another 1.5 dBA noise reduction was achleved by using a modified
alternator cooling fan with asymmetrically spaced blades instead
Qf the usual symmetrical unit.

THe Detroit Diesel engine (8V-71l) can be purchased with sevéral
different 0il pans, approximately 20 different exhaust manifolds,
and optional accessory drives. Modifications to quiet this engine
with one set of optional equipment may not be successful with
-another set of optional equipment. Other conslderations are
accessibility to the engine for maintenance, welght, fire hazards,
and sealing considerations.

Pﬁrdue Uhiveréity was the subcontractor for developing a partial
enclosure around the engine. Some of the factors involved in
designing the enclosure were the mass of the walls, the use of
acoustical absorbing materlal, and the enclosure conflguration
(walls should not be parallel to the engine and the enclosure
ﬁolume should be as large as possible).

The baéic enclosufé consisted of a tunnel around the englne with
acoustically treated inlet and outlet openings. It was constructed
of 22 gauge sheet metal around a steel framework and lined with

one inch of acoustical foam having a mylar facing. The cab

served as the top of the enclosure. Nolse was reduced about

7 dABA by the enclosure. The weight of the vehicle was increased

by 400 pounds.
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The total engine noise on the prototype vehlele was reduced
from about 78.5 to 72 dBA.

White Motor Company

Initially, the White Motor Company evaluated the application of
panels to quiet the engine. The Cummins Engine Company had
previgusly develbped panels }or thelr engines. These panels
were sheet metal lined with fibérglass and mounted with rubber
isolation grommets to the engine. All panels were abandoned
when the partial enclosure system was adopted.

'The_research involved 1n the enclosure design considered things
such as ease of manufacture, amenabllity to experimental change,
accessibllity, durabillty, malintenance, and air flow capacity.

“A partial engine enclosure was accomplished by using sheet metal
liﬁédiwith urethane foam sound absorption material encased in
plastic to protect the'material from water and oil. The wvehicle
“cab served as the top of the enclosure.

Nolse was reduced on the prototype vehlele from 77.5 to 73 dBA.

Freightliner

Thé“Freightlinef baséline-truck used a Cummins englne. A gquiet
kit was offered by Cummins which consisted of damped valve covers,
intake manlfold isolation, side covers, and oil pan covers.

The parts were constructed of steel and aluminum lined with
fibergléss'and a rubber compound. About 2 to 3 dBA nolse reduc-
tion was achieved by this modification.

33



Laboratory experiments were performed using a partial and fully

enclosed engine system which reduced noise levels from 77 to Th

dBA. A partial enclosure system was finally adopted due to less
cooling problems, easier maintenance, and lower costs.

The enclosure system consisted of 0.080 inches thick aluminum
panels covered with 2 inch thick Owens Corning fiber glass pads.
The fiber glass lined truck cab was the top of the enclosure.
Basically, the system was a 1ined tunnel surrounding the engine
and transmission except for essential openings.

Noise on the quieted truck was about 72 dBA as compared to 84
on the baseline vehicle. ‘

INTAKE SYSTEM

The intake system was not noisy as compared to the other systems
(fan, exhaust, engine) when noise levels were Ilnitially identified
(Figure VI). In general, no major modifications were made to the
intake system by the three manufacturers.

International Harvester

The intake system was relatively quiet and only minor changes
were made. A Donaldson in-line silencer was added between the
air cleaner and engine. This change made it necessary to change
some of the piping. A plastilc raincap was also used.

Noise was reduced from T4 to 66 dBA by these changes. Although
the intake sysfem was not a dominant noise source, the 8 dBA
reduction was significant and should be remembered because this
does become very important as the total truck nolse 1is decreased,
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White Motor Company

The baseline truck intake System noise was Very low when com-—
pPared to the Overall vehicle noise, Because of the low noise,
Studies were performed to determine ir a emaller 15 inch diameter
alr cleaner could be useqd instead or the 16 inch op the quiet
truck in order to pProvide more spagce behind the cab. '"The data

because the entrance noise tended to pe beamed Straight forward
rather than generally broadcast, The entire System on the quiet
truck Was in the engine enclosure,

Tﬁere was g reduction in intake nolse from 82 to 72 dBA,

TRANSMISSION NOISE

modifications on the International Harvester, White and
Freightliner trucks, The total trueck noise was originally
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around 88 dBA for all three manufacturers and was reduced below

80 dBA in all cases after modifilcations, These trucks would

meet the State of California (80 dBA) and Federal (83 dBA) noilse
requirements for newly manufactured trucks which Becomes effective
in January 1978.

. ECONOMICS

International Harvester

Modifications on the guieted International Harvester truck
resulted 1n an initial estimated cost to the user of $1,390.

The major costs were from the engine enclosure, cooling, and
exhaust systems, 'Increased malntenance costs were estimated at
$174 for the first 150,000 miles and $1,058 for the first 450,000
mlles. The increased weight due to the modification was 580
pounds.

Due to the improved cooling system, there was a savings in fuel
cost estimated to be $199 over 450,000 miles.

The initial cost of reducing truck noise from 88 to 80 dBA was
approximately $70 per dBA and $550 per dBA below 80 dBA. All
of the costs shown are based on 1972 prices.

Efforts for future reduction in noise level on the International
Harvester truck must be concentrated in the engine since this
became one of the dominant noise sources on the gquieted truck.
Engine modifications will require extensive research and initial
costs are expected to be high.

Maintenance cost comparisons were made between the unmodified
and quieted trucks but the costs were not reliable. There was

a wide range of costs on the unmodified truck from 1.2 to 2.4
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éents per mile, Which'was based on a different year than the costs
for the quieted truck. The quleted truck was in an accldent

which required repairing the cooling system and there was an un-
related rear axle problem that had t£to be corrected.

Because of the problems cited, International Harvester reported
that the noise reduction modifications will probably result in
some lncreased maintenance costs but that the increases should
be modest at low vehicle mileage and should not be excessive
the first year.

White Motor Company

Modifications to build the White Motor Company quiet truck
resulted in an initial estimated cost to the user of $1,307.
The major costs were from the engine enclosure.

The cost of reducing noise from 86.6 to 79.2 dBA was $37 per
dBA and $137 per dBA from 79.2 to 76.3 dBA. There was an added

355 pounds in . welght to the quieting modifications.

No operational or maintenance costs were reported.

Freightliner Corporation

The added cost to the customer for noise control on the Freightliner
truck was estimated to be $1,644. The major costs were from the
enclosure of the engine followed by the exhaust and cooling system,
An estimated total weight of 771 pounds was added due to the
quieting components. Over 50 percent of that welght was due to

the engine enclosure system.

Freightliner estimated it would lncrease truck price by 1.87

percent to reduce noise from 88 to 83 .dBA, 3.43 percent to to
from 83 to 80 dBA and 4.92 percent to go from 80 to 75 dBA.
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Changes 1in estimated annual operating costs varied considerably
depending on the particular noise control treatment used.
Frelghtliner showed 19 different optlons with savings from

$879 to increased cost of $607. As an example, full ehgine
enclosure increased operating cost $583 and the exhaust outlet
$61. There was a conslderable operating cost savings of $897

by using a demand actuated drive coolling fan and a $17 savings
for the intake system.

After about one year of fleld trials, malntenance records
Indicated a total expenditure of $3,630; of which $245 was

spent on nolse control hardware mailntenance. The report suggested
that the total maintenance cost was excessive and could have been
due to lnexperience 1ln operating and maintailning a quieted truck.

TIRE NOISE

Truck Tire Noise

There are no truck tire noise regulations at the present time.
Tire noise 1s not a significant factor because other vehicle
component nolse dominates when the SAE J366a test procedure is
used. However, as the engine, exhaust, fan, and other sources
are quieted, the tire noise may become a significant factor and
this may have implications on design of noise mitigation measures
for highways. '

There have been a number of studles on.truck tire noise which
have been reported. Thils discussion is a synthesis of six
studies pefformed by the Natlonal Bureau of Standards for the
U.S. Department of Transportation on truck tire noise (17, 18,
19, 20, 21, 22). All studies were performed on portland cement
conerete (PCC) and asphalt concrete (AC), test sectlons.

Nine tire tread designs consisting of three rib, three cross-
bar and three retread patterns were used. The retread patterns
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.incluéédra rib; cross-bar and pocket design. These designs were
representatlve of 70 to 80 percent of the total truck tire popula-
tion in use. ‘The rib designs were the most common type. Figure
VIII shows the various types of tire designs used.

The tires were mounted on four dlfferent trucks. Two trucks were
the International Model 1890 chassis eqﬁipped with a 20 foot stake
body. One of these was loaded to a gross vehicle weight of

25,640 pounds while the second simllar truck was unloaded with

a gross vehicle welght of 10,800 pounds. & third vehicle was

a Ford tandem tractor model TL-9000 loaded to a gross vehicle
weighﬁ of 65,080 pounds. The fourth vehicle was a White
Freightliner tandem tractor model WPT-8164T with a gross
Vehicié'weighflof 67,200 pounds. All tests were performed

with the engine off.

Figure IX shows a plot of speed versus peak sound level for
the various tire designs, for new tires, on concrete pavement,
on loaded vehicles with the noise measured at 50 feet. The
graph indicates the rib tires are the quletest (X 72 4BA at

45 mph) and the pocket retread the noislest (91 dBA at 45 mph )
with the cross bar tires in between (% 79 4BA at 45 mph). An
increase in speed increases the noise (about 8 dBA from 30 to
50 mph) for all types of tire designs.

Other data plotted in the same manner as Figure IX consistently
indicated the rib tires were quletest followed by the cross-bar
and pocket retread tire deslgns. Speed also remained a signi-
ficant factor and appeared to show a direct correlation with
noise.

Other variablés such as tire wear, increased loading, type of

pavement and tire locatlon showed some dlfference dependling on
the combination of variables tested. In general, the half worn
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Figure VII

TIRE TREAD DESIGN
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‘Test tire tread designs, These exact tread patterns
represent 70-807% of the total truck tire population in
use on the road today. Scale-1:16,
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Fighre IX

SPEED VERSUS NOISE FOR VARIOUS TIRE DESIGNS
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% peak A-weighted sound level, as measured at 50
feet, versus speed for a loaded single-chassis
vehicle running on a concrete surface, Various
types of new tires were mounted on the drive axle,
Letter designations for each curve correspond to

- the tire types shown in figure E-1.
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tires were slightly noisier than the new tires whereas the ,
fully worn tires were slightly quieter than the new tires. An
increase in load (11,600 pounds/axle) for the rib tiresfshowed
a small increase in noise (0-4 dBA) and the increase for the
eross-bar and pocket retread was significant (4-8 d4BA). This
was constant whether the pavement surface was asphalt or conérete.
The pavement type contribution to noise depended a great deal
on the tire design, wear condltion and surface roughhess. As
an example, tests with the pocket tread tire showed a range'of
10-20 dBA for the'surfaces tested as compared to the rib or
cross-bar tires which showed a range of 4~-6 dBA at any one
particular speed.

Up to a certain pavement macrotexture, the generated noise appeafs
to be tire dependent, while above this value, the pavement macro-
texture appears to be a controlling factor. It was extremely
difficult to evaluate all of the variables independently because
different combinations resulted in different nolse levels. The
influence of some of these variables is very complex and, due to
limited knowledge of the mechanisms of tire nolse generation,

many of these phenomena are not fully explainable at this time.

Automobilles

Literature on tire noise related to automobiles was very limited.
Table 1 shows test data from a study entitled "Automobille Tire
Noise: Results of a Pilot Study and Review of the Open Literature"
(17). These data were obtained from testing a full sized 1973
Plymouth Fury loaded to a gross vehicle welght of 5,000 pounds.
Tests were performed at 25 and 50 feet at speeds of 50, 60, and

70 miles per hour over Jointed concrete, asphalt concrete, and
continuously reinforced concrete pavements, Elght different types
of new and half worn tires were used.
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Table 1 suggests that an analysis of variance could be used to
extract information on several factors, It would indicate if
wrong factors were being studied, whether major contributors are
considered in the basic design, and would allow conclusions

based on a minimum number of tests. However, in this case,

there were data missing which made 1t impractical to perform

the analysis of variance., Instead, some simple averages and
ranges were calculated which substantiated the authors conclusions.

A plot of the data is shown on Figures X, XTI and XII
The data indicated the following conclusions:

1) Tire noise levels ranged from an average low of 66.4 dBA
at 50 mph (New Bias Ply Rib Retread and Radlal Ply Rib Retread)
to a high of 83.4 dBA (at 70 mph (Half Worn Bias Ply Studded
Snow). Tire noise increases as speed goes from 50 to 60, to 70
mph. The average increase is about 2 to 3 dBA for a 10 mph
increase,

2) Tire noise was about +4 dBA greater over the Continuous
Poured Reinforced Pavement as compared to the Asphalt Concrete
and Jointed Concrete Pavements,

3) The half worn tires showed slightly greater noise levels
than the new tires, but the difference did not appear to be
significant,

) The snow tires showed higher noise levels (3 to 5 dBA)

than the rib tires over fhe Jointed Concrete and Asphalt Con-
crete Pavement. However, both type tires showed generally about
the same noise levels over the Continuous Poured Reinforced
Concrete.
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Figure X

TESTS ON VARIOUS SURFACINGS
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Figure XI

TESTS TO EVALUATE TIRE NOISE
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Figure XII

TESTS TO EVALUATE TIRE NOISE
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A second study entitled "Roadway Surface Noise" involved the
relationship between tire noise and skid resistant open graded
asphaltic friction courses, asphalt coated dense graded, portland
cement concrete, and chip seal pavements. A 1973 Plymouth Station
Wagon weighing approximately 4,600 pounds was equipped with stan-
dard rib tires for the initial tests. Subsequent tests were
performed using radial rib recaps then mud and snow tires.

Tests at var%ous speeds using the three types of tires'over the
open graded pavement indicated an increase in skid resistance
and a slight decrease in tire noise as compared to the other two
types of pavement. The mud and snow tires were about U4 dBA
noisier than the standard and radial rib tires.

SUMMARY

The literature indicated vehicle tire nolse becomes a significant
nolse factor at speeds above 35 miles per hour. The exact speed
at which tire noise begins to dominate is dependent on many
variables. Speed, road surface characteristics, and tread design
are major factors involving tire noise.

In general, the variables contributing to tire noise are the
same for automobiles and trucks., However, road surface appears
to affect automobille tire noise more than trﬁck tire noise,
Load and wear, which were significant nolse factors for truck
tires in some cases, did not affect automobile tires as much.
Rib tire designs were the quietest.
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“PART TTIT

SYNTHESIS OF THE LITERATURE
ON QUIETING
CONSTRUCTION EQUIPMENT




INTRODUCTION
The construction and maintenance of the facilities for vehicular
travel are serious contributors to the noise problem. This part
of the report 1s a literature survey that covers the current
state of the art in this area.

. The .Environmental Protection Agency (EPA), under the Noise Control
Act of.;972, was authorized to prqmulgate noise standards ?or |
any products identified as being major nolse sources. These
standards apply to products distributed in commerce. One

category under this section is construction equipment.

By December 1976, the EPA had published nolse regulations for
portable alr compressors, medium and heavy trucks; had mandated
regulations for wheel and track loaders and wheel and track dozers,
and were conducting a number of other studies that will lead ©o
noise regulations for other products.,

The basic principles involved in quieting equipment are proper
design, use of proper mufflers, and shielding or enclosing the
source of noilse.

DISCUSSION

Construction Noise ~ General

In a 19%2 publication, E. X. Bender (23) showed construction
equipment noise ranges (Figure XIII). Data were obtained from
various sources and indicated noise levels ranging from about

70 dBA to over 100 dBA for pile drivers. The report suggested
that industry efforts to quilet products are usually motivated by
market place demand and government regulations.
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Figure XIII

CONSTRUCTION EQUIPMENT NOISE RANGES
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Despite the variety in construction equipment, the baéic power
source is generally a dlesel or gasoline fueled reclprocating
engine. Noilse sources are the engine, exhaust, cooling fan, and
‘mechanical and hydraulic components. Many of the basic principles
discussed in Part II of this report are applicable to guieting
constructlon equipment. Bender indicates noise reductions of

5 to 10 dBA are achievable without great difficulty,

The impact of a hammer or tool bit against the work is the domi-
nant component if noise 1s from impact equipment. Noise levels
from impact equipment are hard to measure or standardigze., Their
peak levels are usually 100 dBA or greater. Reductilon of impact
noise is generally diffiecult and usually requires shielding or
enclosing the work area These mitlgation measures may reduce
noise 3 to 10 dBA.

The Bender report indicated the following means can be used to
reduce noise at the construction site:

1) Replace 1ndividual operations and techniques by less
noisy ones, i.,e.; use welding instead of riveting, mix con-
crete offsite instead of onsite and use prefabricated items
instead of construction onsite.

2) Seleet the quietest equipment, i.e.; electric instead

of diesel powered equipment, hydraulic instead of pneumatic
impact tools.

3) Schedule noisiest equipment operations when ambient noise
levels are high. Keep noise levels relatively uniform and turn
off 1dling engines.

) Keep noisy operations as far as possible from site boundaries.

5) Use noise barrlers and quiet nolsy equipment.
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State of the Art Report

The Federal Highway Adminlstration (FHWA) released a report
entitled "Highway Construction Noise: Measurement, Prediction
and Mitigation™ in May 1977 (24). It was a state of the art
review outlining procedures for measurement and prediction of
construction operation noise levels, mitigation measures, and
example speclficatlons. *

The report indicated noise measurement and prediection procedures
for construction appeared to be workable but would require addi-
tional personnel to implement. Insufficlent data and experilence
with various equipment and operation noise levels and the
practicality or feasibllity of the different example specifica-
tions would preclude adoption per se at the present time.

The following table shows "Construction Noise Control Strategies™

from the FHWA report. It gives a good illustration of the factors
involved in construction noise mitigation.

Construction Noise
Control Strategies

| |

Group 1 Group 2 Group 3 Group 4 Group 5
E?esugn. Source Control Site Control Time & Acft“"tv Community
Considerations Constraints Awareness
1} Design & 1} Muffler 1} Site Control 1) Time & Activity 1) Public Relations
" Project Layout Reqguirements of overall Limitations
noise level
2) Sequence of 2} Maintenance &
Qperations Operation
3} Alternate 3) Emission Level
Methods Requirements
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Aip Compressors

structed orf non-combustible materials,

Compressor at g distance or one meter ang g height or one and
one half meters above the Eround. fThe enclosure System appears
tn be a feasibile method for Quieting old air compressors but ig
often inconvenient. It was felt that other design measures
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Hydraulic Powered Equipment

There are many design approaches for the various type of pumps
£o minimize noise. However, this discussion, based on a Sperry
Vickers publication (28) 5 will be primarily directed towards
measures that could be taken to mitigate nolse on existing
systems. ‘

(A) Noise Spurces

Hydraulic pump s for construction equipment are compact and,
pecause of their relatively small size, are poor radiators of
noise. However, pump induced vipbrations or pulsations are
radiated through the reservolrs, piping, and other intercon-
nected parts causing the entire system to be noisy.

Valves are another source of nolse butb are generally not signi-
ficant at this time. As quleter pumps are designed and buillt,
valve noise may become an important factor.

Cavitation, ©or release of dissolved air, could be controlled

through design and maintenance.

(B) Mitigation Measures Lo Minimize Nolse
Airborne noise can be minimized by reinforecing any large flat
metal panels which may be & part of the equipment. 1f possible,
the panels should be broken down tO smaller sized griangles.

Damping oY sound absorptive 1ining on the panels is helpful.

Simply moving the source away from the receiver 18 good practice
where this 18 feaslible.
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Partial or total enclosures lined with sound absorptive material
are very effective but should be carefully engineered. Details
such as mechanically Isolating enclosures from hydraulic lines
or other parts by using resilient grommets need to be followed.
Vibration mounts should be used for both the pump and motor
units. Avold sharp bends in the 1ine.

Line 1solation is accomplished by usihg a flexlible hose at the
ends of the line and a rigid'section in the middle. All flexible
lines or all rigid lines are not desireable. Commerclally avail-
able combination barrier material and fiberglass or foam can be
used to wrap the lines to minimize airborne nolise. Use resilient
line supports to isolate one line from another and from the rest
of the machine.

Maintenance for the hydraulic system 1s an important part of noise
control. Things such as maintaining the correct fluid level,
keeping the fittings tight so there are no air leaks, replacing
worn resllient fittings, and keeping all bearings properly
lubricated are important in econtrolling noise.

Track Mounted Drills

Figure XIV shows an Ingersoll Rand tractor mounted drill with an
acoustical drill tower enclosure. Noise levels were measured

at 7 meters and estimated to be 85 dBA. Figure XV shows the
nolse levels for the various noise mitigatlon measures used on
the drill.

Jackhammers

Alr operated jackhammer noise comes from the high energy release
of the exhaust air and the impact of the piston or hammer on the
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Figure XV
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steel. This does not include the impact noise from the jackhammer
working against concrete or other material,

- About 90 percent bf the jackhammer noise comes from the exhaust,
Care must be taken so that excessive back pressure 1s not created
when reducing exhaust noise. Back pressure severely restricts the
work output.

Figure XVI shows a strap-on muffler developed by the Ingersoll

Rand Corporation for their Jackhammers. It reduced noise about

7 dBA on their 80 1b. breaker at a distance of one meter. Newer
models have built-in muffling.

A Norwegian publlcatlon authored by Dirdal and Gjaevenes (29)
indicated jackhammer noise is generally in the 89 to 94 dBA range
at 7 meters. There did not appear to be any significant difference
between new and old or small and large ones. The authors indicated
"noise levels could be reduced about 14 dBA by usling sound insulating
mantlies that are commerclally available. However, the operation

of the jackhammer against different materials will reduce the
~benefits from the mantle.

The following Table 2 shows noise measurements of a jackhammer
operating on different materials. Measurements were made at
T meters,.

Table 2
Material ' dBA
Compressed Soil gl
Asphalt 95
Gravel 96
Conerete 99
Clay Slate 101
Granite 103
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Figure XVI
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‘Dirdal and Gjaevenes also proposed criteria which limited con-
struction noise to various levels during the day and night near
various receptors such as schools, hospitals, residences and
industrial zoénes,

REGULATORY LAWS

The first major Federal Law aimed directly at noise control was
Publiec Law 92-574 ("Noise Control Act of 1972"). This Act was
to provide coordination of Federal research and activities in
noise control and establish standards for products distributed
in commerce. Regulations for new medium and heavy trucks,
portable air compressors, railroad emission standards and motor
carrier nolse emission standards have been adopted and others
are belng considered. )

Various other lauws, ordinances, specificatlons c1tizen complaints,
“and threats of law suit have forced the construction industry to
manufacture quiet equipment. Standard off-the-shelf parts and
techniques are being utilized to retrofit older equipment.

Following is a general 1list of regulations that apply to this
subject. Comprehensive detalls of the regulations should be
obtalned from the sources listed. Numerous other State and
Municipal Noise Control Acltivities are listed in an EPA
publication (30).

Federal

Federal Register, April 13, 1976, EPA, Noise Emission Standards
for Transportation Equipment - Medium and Heavy Trucks.
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The regulation sets noise emission levels Ffor January 1978,
January 1982, and January 1895 as 83 dBA, 80 dBA, and "to be
determined" for new trucks with a gross vehicle welght rating
equal to or greater than 10,000 pounds. It also provides for
EPA testing procedures and an enforcement program.

Federal Register, September 12, 1975, DOT-FHWA, Interstate Motor
Carrier Noise Emission Standards.

These regulations set maximum permissible sound level readings
under various conditions for new and in-use fleet trucks with
a gross vehicle weight rating equal to or greater than 10,000
pounds. These regulations became effective on October 15, 1975,

. 90 dBA at 50 feet at speeds greater than 35 mph.

. 86 dBA at 50 feet at speeds of less than 35 mph.

88 dBA at 50 feet under a prescribed stationary run-up test.
Visual exhaust system inspection.

Ul = ow N

Visual tire inspection.

Federal Register January 14, 1976, EPA, Portable Air Compressors.
The regulation sets January 1, 1978, as the date on which
portable alr compressors with maximum rated capacities between

75 and 250 CI'M shall not exceed 76 dBA at 7 meters. The same
regulations apply to portable air compressors with maximum
capacities greater than 250 CFM after July 1, 1978.

OSHA

Federal Register, October 24, 197L, Department of Labor
Occupational Noise Exposure.

The proposed regulations set a permissible 16 hour eXposure
level starting at 85 dBA with monitoring and audiometric
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testing}"Expoéufe lévels decrease as the noise increases (i.e.

8 hours at 90 dBA). Engineering and/or administrative procedures
need to be taken when the steady state noise 1s greater than

90 dBA.

Although the OSHA Regulations are designed to protect the working
person, they have a definite direct effect on promoting design of
guiet equipment and machines.

General Services Administration (GSA)

The Federal GSA specifications regulate the construction equip-
ment noise on all Federal construction contracts. The following
Table 3 shows maximum noise levels (AdBA) allowed for equipment
measured at 15 meters using the SAE J952 or equivalent test.

__Table 3

EQUIPMENT GSA
(dB(A)measured at 15m) 1JUL73 1JANT5 STATIONARY EQUIPMENT

EARTHMOVING EQUIPMENT Pumps 76
Generators 78
Frontloader 79 75 Compressors 81
Backhoes 85 75
Dozers 80 75 IMPACT EQUIPMENT
Tractors 80 15
Scrapers 88 80 Pile Drivers 101
Graders ' 85 75 Jack Hammers 88
Trucks gl 75 Rock Drilis 98
Pavers 89 80 Pneumatic Tools 86
MATERIALS HANDLING EQUIPMENT OTHER EQUIPMENT
Concrete Mixer 85 75 Saws 78
Concrete Pumps 82 75 Vibrator 76
Crang 83 75
Derrick 88 75
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‘State

State of California Vehicle Codes apoly to vehicles subject to

registration.

27204 Gross vehicle weight rating of 6,000 pounds or more

manufactured
1. After 1967 and before 1973 88 aBa
2. " 1972 " " 1875 86
3' 1 19711 n 1 1978 83
b, n 1977 " " 1988 80
5. " 1987 70

Noise measured at 50 feet

22205 All other wvehicles manufactured

1, After 1967 and before 1973 86 dBA
2. n 1972 ™ " 1975 84
3. " 1974 80

Noise measured at 50 feet

23130 No person shall operate a motor vehicle in such a manner

as to exceed the following statutory noise limits:

(1) Heavy trucks, 86 dB(A) 1in speed zones
6,000 GVW or more: 90 dB(A) 1in speed zones
(2) Hotorecycles, 82 dB(A) in speed zones
15 GBH or more: 86 dB(A) 1in speed zones
(3) A1l other motor 76 dB(A) in speed zones
vehicles: 82 dB(A) in speed zones

35 mph or less,
over 35 mph.

35 mph or less,
over 35 mph.

35 mph or liess,
over 35 mph.

23130.5 Within speed gzones of 35 miles per hour or less on level

streets (grade not exceeding plus or minus one percent) no person

shall operate a motor vehicle in such a manner as to exceed the

following statutory noise 1limits:

(1) Heavy trucks, 6,000 GVW or more: 82 dB(A)
(2) Motorcycles, 15 GBH or more: 77 dB(A)
(3) All other motor vehicles: 74 aB(A)

66




lMeasurements are only made when the vehicular flow is at a con-
stant rate of speed, and are not made within 200 feet of any
intersection controlled by an official traffic control device
or any grade exceeding plus or minus one percent.

27150 Every motor vehicle shall be equipped with an adequate

muffier which is properly maintained and prevents the emission
of excessive and unusual noise. No muffler or exhaust system

shall be equipped with a cutout, bypass, or similar device.

27151 No person shall modify, repair or replace the exhaust
system of a motor vehiecle in a manner which will amplify or
lncrease the noise emitted to a level above that emitted by the
original exhaust system of that vehicle. No person shall operate
a motor vehicle with an exhaust system so modified.

27160 ©No person shall sell a new motor vehlele which produces
noise in excess of the limits in this section of the code.

24004 No person shall operate a vehicle after notice by a
traffie officer that the vehicle is not equipped as required by
this code, except as may be necessary to return the vehicle to
the residence or place of business of the owner or driver or to
a garage, until the vehicle and its equipment have been made to
conform with the requirements of thils code.

24005 It is unlawful for any person to knowingly sell, 1lnstall
or replace either for himself or as the agent or employee of
another, any muffler or exhaust part that is not in conformity
with this code or regulations made thereunder.

24007 No dealer or person holding a retall seller's permit shall

sell a new or used motor vehicle for use upon the highway which
is not in compliance with this code. A vehicle with a defective
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exhaust system which emits excessive noilse is not in compliance.
A vehicle with a modified exhaust system which emlts more nolse

than the original equipment system is not in compliance.
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California Department of Transportation, Standard Specifications,
January 1975. '

7-1.01N SOUND CONTROL REQUIREMENTS.--The Contractor shall bomply
with all local sound control and noise level rules, regulations
and ordinances which apply to any work performed pursuant to the
contract.

Each internal combustion engine, used for any purpose on the job
or related to the job, shall be equipped with a muffler of a type
recommended by the manufacturer. No internal combustion engine

. shall be operated on the project without said muffler. '

§2-1.02 CONSTRUCTION —-- The noise level created DY the'combined
grooving operation shall not exceed 86 AdBA at a distance of 50
feet at right angles to tThe direction of travel.

4o-2.02 CONSTRUCTION -- The noise level created by the combined
grinding operation shall not exceed 86 dBA at a -distance of 50
feet at right angles to the direction of travel.

California Department of Transportation, Standard Special
Provisions, January 1976.

5-1. __ SOUND CONTROL REQUIREMENTS -- Sound control shall conform
“to the provisions in Section 7-1.01N, "aound Control Requirements,"

of the Standard Specifications and these special provisions.

The nolse level from the Contractor's operatlons, between the
hours of 9:00 p.m. and 6:00 a.m., shall not exceed 86 dBA at a
distance of 50 feet. Thils requirement in no way relieves the
contractor from responsibility for complying with local ordinances
regulating noise level.
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Job or related to the job, inecluding but not limited to trucks,
transit mixers orp transient equipment that may or may not be owned
by the Contractor., The use of loud sound slgnals shall be aveolded
in favor of light Warnings except those required by safety laws
for the Protection of personnel,

be allowed therefor,




HEALTH EFFECTS

Noise is defined as unwanted scund and can be either annoying or
an actual health hazard. This part of the report dliscusses the
effect of noise on man and is referenced to an Environmental
Protection Agency (FEPA) publication entitled "Effects of Noise
on People" (31).

Clear evidence 1s available that prolonged exposure to noilses
above 80 dBA can contribute to inner ear damage and eventually
lead to hearing handicap. The EPA feels that the 85 dBA level
set by OSHA as the minimum allowable 16 hour exposure level 1s
too high. ' |

A small loss of hearing from exposure to nolse may not be signifi-
cant when one is middle aged, but might become significant when
combined with other natural losses to hearing because of old age.

Héaring loss and ear damage due to noise can be eliminated by
reducing noise to sufficiently low levels, holding exposure to

short duration or allowlng exposure to occur only rarely,

Protection from nolse can be accomplished using carefully selected

ear plugs and ear muffs. They must also be properly used. IHowever,
the best solution is to qulet the nolse at the source.

The specifications and guidelines in Appendix B, C, and D were
prepared after carefully considering the items regarding potential
hearing damage. Existing and proposed laws as well as economic

considerations were evaluated before the final noise levels were
set.,
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PART v

CALIFORNIA'S WORK
ON QUIETING A DIESEL
POWERED TRUCK
AND A
DRILL RIG
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INTRODUCTION

The initial efforts of this study were directed towards construc-
tion of a "quieted truck" otherwise referred to as the "modified
truck". These two terms are used interchangeably throughout this
report. It was intended to use off- the-shelf items where p0351b1e
and make other modificatlons where necessary to demonstrate the
potential for noise reduction on a truck powered with a diesel
engine. The findings from this work along with information
gleaned from the literature were to provide guidelines for
quieting maintenance and construction equipment by retrofitting.
They would also lead to specifications for purchase of equipment
and for control of construction noise.

A 1964, Chevrolet Low Cab- Forward Dump Truck with a Detrolt 6V=-53
diesel engine was chosen because it was readily avallable from

the Caltrans Eguipment Department and was typlecal of construction
and maintenance vehicles. It had been in service for approx1mate1y
g years as a Caltrans maintenance truck and was well maintained
during this period. In general, diesel engines are about 7 dBA
noisier than gasoline engines (32). This type englne was also

one of the most challenging for nolse reduction and it differed
from those used in other studies (Part II) as shown on the
following Table 4.

Table 4

Cylinders Cycles P-RPM Bore-Stroke CID Wt Type

Cummins 6 4 270-2100 5 1/2 x 6 855 2750 inline
NTC~270
(White)

Cummins 6 h 350-2100 5 1/2 x 6 855 2795 inline
NTC-=350
(Freightliner)

Detroit Diesel 8 2 318-2100 4 1/2 x 5 418 2215 v
8V-75H1 '

(International

Harvester)

Detroit Diesel 6 2 1702200 3 7/8x 4 1/2 318. 1540 v
6V—-53N .
{California)

Th



A similaf t%uck;'feférred to as the "regular truck", was acquired
at the same time, It was approximately 6 years old. The pPurpose
of this truck was to provide a baseline for comparative purposes.

noise to be exhaust, cocling fan, intake system, engine, trans-
mission and tires (reference 1 thru 13).

Concurrent with the modification of the truck, sound measuring
eQuipment was ordered and an existing dynamometer facility was
paftially enclosed so that it could be used for this study,
Preliminary tests indicated that background and dynamometer
noise was high enough to invalidsate measurements on the modified
Truck. Due to'costs involved, no further work was done on the
dynamometer and evaluation of the modified truck was made in the
field using drive-by tests.

Modifiéations to the truck were made by the Equipment Department
and their approach, in general, was to make the total system as
quiet as possible rather than to isolate and evaluate each major
noise source. No records of noilse measurements on any specifie

T component were avallable, Therefore, no analysis or discussion
of the component noise is made. However, these were adequately
covered In Part IT of this report.

75



DESCRIﬁTION OF THE UNMODIFIED TEST TRUCK

The following is a description of the truck before it was modifieg
to reduce noise.

1) 1964 Chevrolet LowCab—Forward.Dump Truck Ser: 4E833P102563
2) Engine, Detroit 6V-53N Diesel rated 170 HP at 2200 RPM
6 cylinder, 2 cycle, 318 CID, 3 7/8 bore, 4 1/2 stroke
3) Transmission, 5 speed Spicer S5756B
4) Muffler, Std. dual system (mfg. not known)
5) Cooling fan, Std. 5 blade belt driven (mfg. not known)
6) Radiator, Std. flow (mfg. not known)
7) Differential, 2 speed Eaton, Ratios 5.57-7.60
8) Chassis, 2 axle, 25,000 1b. GVW, 145" wheel base

9) Intake System, Std. g.M. gear driven blower.

DESCRIPTION OF MODIFICATIONS

The major sources of truck noise were identified from the litera-
ture (Part II). Modifications to the components of the modified
truck contributing to the truck noise are described in this
sectlon. Figure XVIT shows a photagraph of the regular truck
which was similar to the modified truck.

Engine and Enclosure System

No direct modifications were made to the engine. In order to
quiet the englne, power and drive trains, a tunnel was built
around this system utilizing aluminum sheets and fiberglass,
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Modifications to the chassis were mi imal and were made only to
secure adequate space for the installation of insulating materials.
These modificatilons included installing a three-inch thick spacer
petween the front axle and the front springs, installing an inter-
mediate frame between the tfuck frame and the dump body hoilst
frame, and the relocation of the truck cab 18 1/2 inches to the
rear. These changes are ililustrated by the photographic record
made of the placement of the insulating materials (Figures XViii,
KIX), '

The basic nolse insulation materials used were four layers of
1-inch thick fiber glass "pero-flex" between an inner panel of
.050-inch thick aluminum sheet with 1/4~inch perforatlions and

an outer panel of .l25-thick aluminum sheet which is coated on
the inner side with automotive underseal material. This combina-
tion of materials i1s used to completely enclose the entire power
and drive train in a tunnel. Polyfoam sheet 1l-inch thick and
latex foam rubber sheet 3 inches thick are used where required
to obtailn flexibility combined with a tight seal such as at the
outer ends of the rear axle. Borg.Warner No. 31-2172 small
éngine rubber motor mdunts are used to isolate the framework
supporting the insulation from the outer aluminum panel and

from the truck frame. A schematic of the enclosure system is
shown on Figure XX.

Exhaust System

The exhaust system was modified to use a single vertical Riker
muffler No. 9xD 405 and a Riker wyn sonnector NoO. LT3540. These
changes were based on the manufacturer's recommendations as
optimum for guieting exhaust noise on this particular engine.
The exhaust plpes were insulated with three layers of fiber

glass wrapped with steam pipe tape and the "Y" connector was
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Figure XVII
Regular Truck

Flgure XVIII
Enclosure System and Insulation on the Modified Truck
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Figure AIX

Eneclosure System
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FIGURE XX

LEGEND

@ OUTLET CONTROL -
Air Cylinder 04-1268
AIR FLOW DIRECTION

AIR FLOW TUNNEL

Figure XX
Schematic of Enclosure System
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| FIGURE XXT

|

(D LEGEND

(O MUFFLER -
Riker 9XD 405
& Y CONNECTOR -
Riker LT 3540
{ Insulated)

ey

\
=

1@

N\

AN

EXHAUST SYSTEM

Figure XXI
Schematic of Exhaust System
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insulated with woven asbestos and a sheet metal jacket. 1In
addition, the muffler was insulated by being located 1in a fiber
glass lined enclosure bullt into the corner of thq dump body.

Insulation was added to minimize vibration noise from the com-
| ponent parts of the exhaust system., A schematic is shown on
Figure XXI. |

Cooling System

The cooling system was modified so that the air passing through
the radiator would not be restricted by having to pass through
the power train enclosure. It was mounted in the truck bed.
Piessey (33) in England reported such a system which included

a temperature controlled hydraulic fan drive. A schematic of
the system is shown in the following Flgure XXIIL.

The component parts used in the modified truck are listed below:

1) A Young HC~11D2 radiator was mounted in the dump body to
expedite the project into the test phase. '

2) - A cast aluminum fan with air foil type blades.

3) Fan controlled at various speeds by a Brand No. FC-=51 flow
control valve driven by a Charlynn II-A hydraulic motor and a
Sunstrand PV-21 pump to a maximum speed of 12,000 RPM.

43 A Dayton 2C888 Centrifugal fan was mounted inside the enclosure
to move alr past the engine and power train (Figure XXIII). This
fan was controlled with a Brand No. FC-51 flow control wvalve and
driven by a Lamina No., A50F hydraulic motor and an accessory drive
mounted Vickers power steering pump.
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Figure XXII
DIAGRAMS SHOW OIL FLOW WITH ENGINE IN HOT AND COLD CONDITIONS

SWITCHING
VALVE

Y

; OIL TANK

! . / -
& FILTER — FAN RADIATOR
- . (REMOTE FROM ENGINE )
: |

ENGINE DRIVEN
HYDRAULIC
(Y PUMP

FAN ON, HOT ENGINE CONDITION

PILOT FLOW

FAN OFF, COLD ENGINE CONDITION

83



Figure XXIII

Centrifugal Fan to
Supply Engine Inlet Air
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The enclosure is designed with baffles at both ends so that
sounds coming through these openings must make 90-degree turns
around insulated panels and the rear opening is fltted with an
alr operated door controlled from the cab. A schematic of the
cooling system 1s shown on Figure XXIV.

Table 5 shows the horsepower rating of the 6V53N Detroit Diesel
engine used in the modified truck for the followlng conditions.

1. Manufacturer's horsepower rating of the engine only,
before mounting in a vehicle. These data are obtained on the
dynamometer under specified conditions of testing.

2. Manufacturer's horsepower rating of engine installed in
the truck used in this study before modification. This is a
calculated value based on a mathematical model and 1s shown as
a basis of comparison because no actual tests were performed.

3. Dynamometer tests performed by the Equipment Department
on the truck used in this study after modification. *

Table 5

RPM 1,800 2,000 2,200 2,500 2,800
1. Mfg. Rated 145 158 170 186 197
Brake Horsepower
2. Mfg. Calculated 137 148 158 170 178
Horsepower Before
Modification
3. Equipment Department - 116 120 124 130

Tests After Modifica-
tlon Horsepower

The estimated horsepower 108S due to the cooling modifications
was about 28 hoursepower at 2,000 RPM. This appears reasonable
when compared to the data in Table 5.
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FIGURE XXIV.

COOLING SYSTEM

Figure XXIV

LEGEND

© ©@ 90 6 6 6

Schematic of Cooling System
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AIR CLEANER -
Farr L-44648
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The cooling modificatiohs appeared to have resulted in a sub-
stantiai decrease in horsepower. Tn addition, the weight added
by the modifications further decreased available nhorsepower for
transporting cargo. In Summary, these particular modifications
to the cooling system did not appear to be feasible. However,
a properly designed enclosure system was demonstrated by others
(Part II) and use of a temperature controlled fan resulted in
cost savings in fuel as well as effectively guieting the truck.

Intaké System

The sound generabted in the engine ailr inlet was reduced by locating
the Farr No. L-44646 alr cleaner inside the insulated power train
enclosure.

Tires

Tires were selected for maxlimum open rib type tread design. The
front tires are Goodyear High Miler SXT and the rear tires are
Bandag Rib Tread Caps with radlal siping (narrow cuts in tread
pattern) for increased tractlon (Figure XXV). The tires for

the sister truck are shown on Figure XXVI.

Other Quieting Modificatlons

Diesel engine motor mounts GM No. 3888479 are used Lo isolate

the dump body frame from the truck frame SO that sound trans-
mission through the steel frame will be minimized. Extruded
Rubber Craft No. 265-X rubber edge insulation 1s used on the
edges of the exterior aluminum panels 80 that random sound will
not be generated 2at the points of contact between adjacent panels.
Furnace duct tape 1s used to seal and fasten the insulation where
requifed.

Figures XXVII and XXVIII show the completed modifications on the
Quieted Truck.
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Figure XXVIT
Completed Modified Truck Showing Cooling Fan Mounted in Truck Bed

U Pigure XXVIII .

Completed Modified Truck Showing Exhaust Position

I T
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SUMMARY OF MATERTALS AND EQUIPMENT USED

Materials

Engine confié&rétion" . 7
6V-53 w/low sac style injectors
_Truck configuration ' .
Low cab forward w/l-ton dump body, 1964 Chevrolet
front axle'spaced down 3 inches and cab relocated to the rear
18-1/2 inches for insulation clearance.
Insulatlion materials
Fiber glass l-inch thick "pAero Flex"
"Poly foam l-inch thick
Latex rubber 3-inéh thick
Aluminum sheet .050-inch thick w/l/4-inch perforation
- sAluminum sheet .125-inch thick
Rubber edge insulation No. 2650X Rubber Craft
Rubber mounts No 31-2172 Borg Warner
Dump body mounts GM No. 3888479
Duct tape - U4=inch
Tires ' '
Front - Goodyear H1 Miler SxT
Rear - Bandag ‘Rib tread, siped
Exhaust System
Muffley; Riker No. 9xD 405
Y conneétof - Riker LT 3540 - insulated
Inlet System . ..
Air cleaner - Farr L 4“646
Cooling System IR
Radiator - Young HC 11D2
Fan - Young (cast aluminum alr foil type)
Hydraulice pump - Sunstrand PV=21
Radiator fan motor = Orbit - Char-Lynn H-A
Interior fan pump - Vickers power steerlng
Interior fan motor - Lamlna ASOF
Interior fan Dayton No. 2C888, 10~-3/4-inch
.Qutlet control air cylinder 04-1268
Flow control valve - Brand FC-51
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Instruments Used For Noise Measubtements

B & K Precision Sound Level Meéeter Model 2206 (Type I)

B & K Sound Level Calibrator : B Model 4230

B & K Pistonphon Calibrator ' " Model L4220

B & K Graphic Level Recorder Model 2306

G. R. Sound Level Meter Model 1551 (Type II)
G. R. Sound Level Calibrator ' Model 1562A

Nagra IV-SJ Tape Recorder

TEST PROCEDURES AND FACILITY

The standard generally recognlzed for evaiuating truck noise is
the Society of Automotive Englneers (SAE) J366a procedure
(Appendix A). Briefly, this method requires a level open space
within 100 ft. of either the vehicle path or microphone which
1s plgaced 50 ft. from the roadway. Drilveby tests start at 35
mph and accelerate to a maximum rated engine speed within the
100 ft. test zone,.

A test site confbrming to the requirements of SAE J366a was
located at the California Highway Patrol (CHP) Academy in West
Sacramento (Filgure XXIX, XXX). Another silte temporarily used

was located on an unopened sectlion of I-5 south of Sacramento
(Figure XXXI, XXXIT, XXXIII, ¥XXIV). Availability was the reason
for using the I-5 site before deihg to the CHP sife.
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Flgure XXTX
California Highway Patrol Academy Test Site

_ Figure XXX
California Highway Patrol Academy Test Site
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Figure XXXT
Test Site on I-5

Figure XXXIT
Test Site on I~5
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- DATA ACQUISTION AND ANALYSIS

Initial tests were performed to evaluate the completed modified
truck on April 9 and 10, 1975, at the I-5 test site south of
Sacramento. As a basis of comparison, tests were also performed
on the Regular Truck. Noise measurements were made during the
following operating modes and conditions.

1) Acceleratlion or cruise
2)  Engine on or off

3) Northbound or Southbound
4)  Various speeds

Background noise from airplanes and a train in one case invaliw
‘dated some measurements. Due to inexperience of the personnel,
there were other problems such as failure to turn the engine off
_or not accelerating at the correct distances,

Table 6 presents all the data collected except for a few measure-
ments that were obviously incorrect as described above. These

data are also_plotted on Figure XXXV,

The test data and subjective field evaluations by the researchers
indicated the following:
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Engine Off -~ Cruise Mode

l.
2.

Engine On
1.

2,

Engine On
1.

SAE Tests
ll

2.

Overall
1.

Nolse due to tires, wind and mechanical parts.
Noise level increases wlth speed but the difference
between the regular and modified truck is less than
2.5 dBA.

-~ Cruilse Mode

Noise level of the regular truck is about 5 dBA higher
than the modified truck.

Nolse levels at 51 and 35 mph are about the same for
the regular and modifiled truck but nolse levels
increase about 4 dBA at 55 mph.

-~ fAcceleration Mode

Neoise level of each vehicle 1s generally the same at
15, 35 and 50 mph with the regular truck about 6 dBA
higher than the medifiled truck at all speeds.

Regular truck 1s about 4 dBA higher than the modified
truck. '

Overall, the sound level of the SAE tests are about the
same as the engine on acceleration tests at 15, 35 and

_55 mph,

Sound level increases as the modes change from Engine
Off, to Engine On, to Engine On-Acceleration for the
modifled truck.

A second series of tests were performed on December 16, 1975, at
varlous speeds to evaluate effects of speed on the modified truck.
Table 7 and Figure XXXVI dlsplay the data. Tests were performed
at the I-5 test site. Background nolse from airplanes Invalldated
some readlngs. |
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Table 7

QUIET TRUCK DRIVEBY TESTS AT 50 FEET, MODIFIED TRUCK
Microphone 50 Ft. From & of Lane and 4.5 Ft. Above the Pavement
Tests Performed on 12-16-75

I-5 Test Slte

Speed Sound Level dBA
MPH BEastbound Westbound
55 77 76
55 75 T4
55 17 75
22 7 e
X 76.0 75.0
50 76 T4
50 76 75
50 75 76
50 - -
.50 75 76
X 75.5 75.5
45 72 72
45 71 70
45 74 69
hs 72 70
45 70 76
X “71.8 70.2

b 69 -
4o 70 68
o 69 67
4o 69 68
40 . 69 68
X 69-7 67'3
35 67 66
35 66 66

- 35 67 66
35 66 66
35 - 66
X 66.5 66,0
30 . 66 66

. 30 67 66
30 66 66

30 66 66

.30 - -
X 66.6 66.0

Eastbound - Truck Muffler
is closest to
microphone

Westbound - Truck muffler
ils away from
microphone



MODIFIED TRUCK, DRIVE BY TESTS
TESTS PERFORMED, I-5 TEST SITE, 12-16-75"

Figure XXXVI ‘
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The data indlcated that the noise m&asurements on the eastbound
runs (muffler closest to microphone) were generally about 1 to 3
dBA higher than those on the westbound runs. At speeds of 35 mph
and lower, the noise levels are falrly constant for the eastbound
runs (65-66.5 dBA). From 35 to 50 mph there 1s a sharp 10 dBA
increase in noise level for the eastbound runs. There is the
same general trend for the westbound runs but not as clearly
defined,. ' '

Factors such as tire noise, wind noise, and engine noise con-
tribute to the sharp increase in nolse levels above 35 mph.

Figure XXXVII and Table 8 display the nolse test data collected
on the modified truck.to evaluate the acceleration and decelera-
tion modes following the SAE J366a procedures, These tests made
on December 17, 1975, showed higher sound levels on the north-

- bound than for the southbound runs for the acceleration tests

(5 to 8 dBA) and deceleration tests (about 3 dBA). The accelera-
tion runs were much higher than the comparable decleration runs.
As'expected, thils indicated the modifiled truck was nolser during
accéieration. '

AnotH?r series of tests were attempted on December 17, 1975, at
thé'California Highway Patrol Academy but were not completed

due to transmission problems with the modified truck. The noise
measurements that were made are shown on Table 9 and plotted on
Figure XXXVIII. Truck speed did not have any significant effect
on noise level for both the regulaf and modlified truck at the
low test speeds. The eastbound runs show higher noise levels
than the westbound runs., In all cases, there is considerably
less nOise emitt?d'from the modified truck (7 to 10 dBA).
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dBA

Figure XXXVil

MODIFIED TRUCK, SAE J366a TESTS
TESTS PERFORMED, I-5 TEST SITE, 12-17~-75
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Table 8

MODIFIED TRUCK
TESTED ON 12-17-75

Distance from Sound Level Meter was 25 and 50 ft., from the &
of the roadway. Thefmetér was 4.5 ft. above the pavement.

SAE J366a, Acceleratlon Tests

251 501

WB EB WB EB
17T .8 . Th 79
78 87 T4 75
76 86 - 75
78 - 73 79
78 85 72 79
79 85 75 81
80 85 76 81
80 86 76 80
78 86 73 78
X 78.2°  85.6 TH1  T78.6

SAE J366a-Decelefation Tests

251 50"
WB . EB . WB EB
5 T6 67 67
75 78 66 70
7. 1T 67 68
76 81 68 70
75 79 67 71
X 75.6  78.2  67.0 -69.2

104



Table 8 (con't.)

Speed Sound Level dBA

MPH Eastbound Westbound
25 66 64
25 65 63
25 67 64
25 66 64
25 66 64
X 66.0 63.8
20 66 6l
20 gg 64
20 -
20 67 63
20 64 62
X 65.8 63.2
15 66 64
15 66 64
15 66 62
15 64 62
i5 64 64
X 65.2 63.2
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dBA

Figure XXXVili

MODIFIED AND REGULAR TRUCK, DRIVE BY TESTS_
TESTS PERFORMED, CALIFE HWY. PATROL ACADEMY
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The data shown on Flgures XXXVI, XXXVII and XXXVIII all show
that the modified truck, was quieter when the muffler was away
from the measuring microphone. " Differences as much as 7 dBA
were measured depéhding on operating mode., Thls was believed
due to the positioning of the exhaust outlet (Figure XVIII)
rather than having the muffler on one side or the other. This
may suggest that manufacturers use this configuration to galn
some nolse reduction off of nighways.

CONSTRUCTION_EQUIPMENT (Drill Rig)

One of the-objectives of this project was to apply the findings
from thétliterature survey and experlence gained from building
a modified truck to quleting nolsy construction equipment. A
unligue oppprtunity_occurred during the later stages'of this
project .when the high level of nolse frbm the Transportation
Laboratory Horizontal Drill Rlg was brought to the attention
of the reSearchers. One of the drill operators that recently
retired was awarded additioﬁal retirement compensation due. to
a heariﬁg;loss"which he attributed to the drill rig noise.

Figure XXXIX shows a photograph_of the Horilzontal Drill Rig

used for constrpction and malntenance purposes. This section
describes the steps taken to quiet the drill rig noise.
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Flgure XXXIX
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Drill Rig

(back & side view)

Drill Rig
(back & side view)






The following is a description of the engine and principle
parts:

Geotechnical Drill Rig

CHC 34
Engine Type Allis Chalmers, Turbo charged, open combustion
chamber, direct injection
Automotive use Variable load Contlinuous load
HP @ RPM 135(a)2600 T 118(a)2400 T 100(a)2200
Cylinders 6 )
Cycle b
CIiD 301 cu. in.
Bore-Stroke 3.875/4.25

Gas or Dilesel Dlesel, Model 2900, Mk.II
Transmission Constant mesh hellcal gear, 3 forward and 3 reverse speeds

Exhaust System Turbo, Allils Chalmers with insulated wrapper
Muffler, Model part number 256706

& Make

Intake System Turbo, Allis Chalmers pléated paper alr cleaner
Cooling System Tubular type core

Radiator :

Fan Type 5 blade, pull type, Allls Chalmers

Hydraulic System Vickers, van type, 1CCl0-1-30
Mfg. & Model
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Mitlgatlon Measures

The initial examination of the drilll rig indicated the absence
of silde panels around the engine area and an lnadequate muffler.
Noise measurements were performed before and after a new muffler
and new side panels lined with sponge rubber were installed.

The test data indicated that almost all of the noilse reduction
was achileved by the muffler. It appeared that the side panels
were not doing an adequate job because too much open space Was
left which was needed for cooling the engine. This was deter-
mined by testing with the slde panels on and off. Noise
reductions due to these measures were 7 to 9 dBA at the varilous
locations.

The next phase consisted of wrapping the muffler with fiberglass
covered with metal wrapping. It was also noted that the hydraulic
system was nolisy and creating vibration in the control panel.

To mitigate thls problem, rubber isolation mounts were used and
a second sheet metal panel (12 gauge)}, rubber mounted and lined
with sponge rubber was installed. Noise reductions due to these
measures ranged from 1 to 6 dBA. Analysis of the data indicated
most of the noise reduction occurred when the secondary panel
was installed., The second panel was most effective for the
operator position behind the panel and to the position 1eff-of
the panel., It did not help much at the other positions.

Flgure XXXX shows a schematle of the drill rig and the various
locations where noise measurements were made. These locations
are the general areas where the operators work. Table 10 shows

a summary of the nolse measurements during the various mitigation
steps.
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Figure XXXX

TRANSLAB HORIZONTAL DRILL RIG

Engine

P

_ '. I Exhaust
Horizontal i
Driil Rig Truck-\“:
|

i

1

@ﬂ:.iig/

! N’
0 |
Y |
|
i
| Control
' | Panel '
4 1/2 | o312 o
|
|

ﬂ l.ocations Where Drillers Work

112



ITup
3T14

tﬁu@hmao_
ITTaq ygpy
Odyy, TIng

TOx3u0y
t IeTgr

@wQMHsmnH
ss_vmaamhz




10.

11.

12.

13.

14,

15.

16.

1T,

18.

19.

Truck Noise IV B, Identifying The Sources of Noise on &
Heavy Duty Diesel Truck, May 1975, DOT

,Truck Noise 1V ¢, The Reduction of Coollng System Noise on

Heavy Duty Diesel Truck, May 1974, DOT

Truck Noise IV D, The Reduction of Intake and fExhaust System
Noise on Heavy Duty Diesel Trucks, DOT

Truck Nolse 1V E, The Reduction of Engine Noise on Heavy
Duty Diesel mpucks, April 1975, DOT

Truck Nolse iv F, An Economic study of Reducing The Exterior
Woise Level on the International Harvester Quieted Truck,
March 1976, DOT

Truck Noise iv G, Tield Test Results on & Heavy Duty Diesel
Truck Having Reduced Nolse Emnissions, December 1975, DOT

Pruck Noise Vv A, Noilse Reduction Tests and Development
Performed on the White Mot or Corporation Quiet Truck,
January 1975, White Motor corporatlon, Farmington,
Michigan, DOT

automobile Tires Nolse: Results of 2 pilot Study and Review

of the Open Ligterature, August 1975 s National Bureau of
Standards

pruck Nolse I, Peak A Weignted gound Levels Due to Truck
mTires, September 1970, National Bureau of gpandards

Truck Nolise I, Peak-A-Weighted gound Levels Due tO Truck
Tires, July 1972 (addendum), National Buread of Standards

116



20.

21,

22.

23.

24,

25

26.

27 .

28.

29.

30.

Truck Noise IA, Nolse Evaluation Tests of Military Truck
Tires, February 1974, National Bureau of Standards

Truck Noise IB, Spectral and Directional Characteristics of
Noise Generated by Truck Tires September 1974, National
Bureau of Standards '

Truck Noise IC, Pavement Surface Effects on the Generation
of Truck Tire Noise, October 1975, National Bureau of
Standards

Bender, Erick K, Noise From Constructlon, Home Appliances
and Building Equipment, The Journal of Environmental Sclences,
September/October 1972

Regan, J. A., and Grant, C. A,, Highway Construction Noise:
Measurement, Predliction and Mitigation, Speclal Report,

FHWA, 1lssued May 1977

Federal Register, January 14, 1976, Portable Air Compressors
Noise Source Regulations in State and Local Noise ordinances,
Document No. NT1D 731 (U.S. Environmental Protection Agency,

1973

Hirschorn, Martin, Noilse Control for Portable Alr Compressors,
Sound and Vibration, August 1975

More Sound Advice, Sperry Vickers Corporation 1974

Dirdal, B., and Gjaevenes, K., Noise From Compressors and
Pneumatic Equipment, Applied Acousties, Vol. 4, No. 1, 1971

State and Municipal Noise Control Activities 1973-1974, U.S.
Environmental Protection Agency, January 1976

117



31.

32.

33.

Effects of Noise on People, U.S. Environmental Protection

Agency, December 31, 1971, NTID 300.7

Transportation Noise and Its Control, U.S. Department of
Transportation, June 1972

Scott, D., Hydraullec Fan Offers Chassis Layout Flexibility,
Automotive Engineering, SAE, February 1977




lOl

LITERATURE
UNCITED REFERENCES

Noise Measurement and Control for Detroit Diesel Engine
Applications, General Motors Corp., December 1972

Conference on Motor Vehicle Noise, General Motors Corp.,
June 1973

GM. Response to EPA Proposal for Noise Emission Standards -
Medium and Heavy Trucks, General Motors Corp. December 1974

Light Vehicle Sound Level Reduction, General Motors Corp.,
April 1975

Comments of General Motors Corporation with Respect to
Transportation Equipment Noise Emission Controls, General

Motors Corp., March 1975

Elements of Noise Control for. Heavy Duty Vehicles, Ford
Motor Company, July 1972

Diesel Powered Systems Noise, Cummins Engine Co. Inc.,
Columbus, Ohio, November 10, 1971

Motor Vehicle Noise Control, TRB Special Report 152,
December 10-11, 1974

Truck Noise XI, Evaluation and Reduction of Heavy Duty Truck
Noise PACCAR Inc., Prepared for USDOT, September 1976

Roadway Surface Noise, USDOT AND FHWA, 74-11 TImplementation
Package, March 1975 '

119



11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Sound Attenuation Kit for Diesel Powered Buses, Rohr
Industries Inc., Prepared for the USDOT, June 1976

Truck Nolse VIII, The Determination of the Practical Nolse
Control Retrofitting of Pre-l1970 Truck and Coach Models,
General Motors Corp., Prepared for USDOT, June 1976

Truck Noise IX, Nolse Reduction Study of an In Service
Diesel Powered Truck, McDonnell Douglas Astronautics
Company, Final Report, February 1977

Rowley, D. W., Control of Farm Tractor Intake and Exhaust
Noise, Sound and Vibration, March 1967

Sanders, G, J., Silencers: Their Design and Application,
Sound and Vibration, February 1968

Sparks, C., Establishing Hearing Damage Risk Criteria
for Agricultural and Construction Equipment Operators,
EPA Public Hearings on Noise Abatement and Control in
Denver, September/October 1971

Diehl, G.M., Think Quiet, From Compressed Alr, 1971

Hersh, A.S., Construection Noise - Its Origin and Effects,
ASCE, September 1974

Marggraf, D., How Much Noise Will You Make On Your NeXt
Job? World Construction, October 19TH

Groening, J. A., Sound Reduction of Earth Moving Machinery,
HRB Record No. 278

120



21.

22,

23,

24,

25.

26,

27.

28.

29.

Flanagan, W., Legal Noise Limits Demand Improved Engines
and Subsystems, Institute for Noise Control in Internal
Combustion Engines, University of Wisconsin, Madison,
Wisconsin, January 1972

Munson, L. G., Alir Compressor Noise, EPA Public EHearings
on Noise Abatement and Control in Atlanta, July 1971,
No. 5500-0037 (1972)

Noise From Construction Equipment and Operations, Building
Equipment and Home Appliances, PB206717 (NTIS, 1971)

O'Neil, J. T., Control of Construction Noise, Inter Nolse
72 Proceddings, October 1972

Pdge, E. W. And Semple, W., Silent and Vibration Free Pile
Driving, Proceedings of the Institution of Civil Engineers,
Vol. 41, 1968

Palezzi, J., Contractors and Construction Noise, EPA Public
Hearings on Noise Abatement and Control in Atlanta, July

1971, No. 5500-0037, (1972)

Pneumatic Equipment Noise Test Code, Sound and Vibration,

_Vol. 5, No. 2, 1971

Posek, J. R., and Ringham, R. F., Construction Equipment
Noise, EPA Public Hearings on Noise Abatement and Control
in Atlanta, July 1971, No. 5500-0037 (1972)

Fleischer, S. 0., A Method For Determining The Noise Levels

and Performance Parameters For Truck Cooling Fans, General
Motors Corp. SAE Transactions 1973

121



30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Averill, D., Patterson, W. N., The Design of a Cost Effective
Quiet Diesel Truck, Freightliner and Bolt Beranek and Newman,
SAE Transaction 1973

Emme, J. E., Composite Materlals for Noise and Vibration
Control, Sound and Vibration, July 1970

The First Quiet Portable Compressor, Sound and Vibration,
May 1969

Jackson, E. L., Control of Noise Within the Construction
Industry, EPA Hearings on Noise Abatement and Control in
Atlanta, July 1971, No. 5500-0037 (1972)

Larmore, H,T., Federal Noise Legislatlon for Construction
Equipment, EPA Hearings on Noise Abatement and Control in

San Francisco, September 1971, 5500-0036 (1972)

Construction Site and Equipment Noise in New York City,
Report No. E2040, Lewis S. Goodfriend and Associates, 1973

A Buyer's Guide to Sound Absorption, Sound Barrier, Vibration
Isolation and Vibration Damping Materials, Sound and Vibration,
July 1970

Circular Saw Noise Control, Sound and Vibration, July 1969

Comprehensive Noise Ordinance Would Restrict Vehicles and
Construction, Noise Control Report, January 1973

Diehl, G. M., Construction Equipment - Who Wants It Quiet?
Ingersoll Rand, 1971

122



40.

4.

42,

430

4y,

45,

LI

.47.

48,

49.

50.

Diehl, G. M., Reducing Noise in Construction Equipment,
EPA Public Hearings on Noise Abatement and Control in
Atlanta, July 1971, No. 5500-0037 (1972)

690006 (SAE) Exhaust System Design - Art or Science Jan 69

690449 (SAE) The Noise Produced by the Injection Pump
and Its Relation to Total Diesel Engine
Noise May 69

690451 (SAE) SQme Observations of the Effect of Lubri-
cating Ol1l Properties on Combustion
Generated Engine Vibratilons _ May 69

690520( SAE) Quleting Noise Mathematically - Its Appli-
cation to Snow Tires May 69

690572(SAE) Roller Traction Drive for Quiet, High Speed
Power Transmission Sept. 69

690617 (SAE) Nonuniformities of Reverberant Sound Fields
and Thelr Implicatlons for Sonic Test

Specifications Cet . 69

740686 (SAE) Motorcycle Noise Test Procedure Evaluation:
SAE X J331a and XJ47 Sept. T4

700702(SAE) Nolse Efficiency of Axlal - Flow Fans Sept. 70

700703(SAE) Sound Level at Operators Station of Cab
and Non-Cab Equipped Tractors Sept. 70

700711 (SAE) Quieting Hydraulic Systems and Components Sept. 70

123



52.

53.

54.

55.

56.

27«

58

59

60,

61.

62.

63.

64,

700712(SAE) Essentlal Considerations Involved in

Hydraulic Component Noise

700714 (SAE) Legislative Factors of Noise -~ Meeting

the Occupational Nolse Regulations of
the U.3. Dept of Labor

730714 (SAE) The Design of a Cost Effective Quiet

SAE

SAE

SAE

SAE

SAE

SAE

SAE

SAE.

SAE

SAE

SAE’

San

Diesel Truck
J184 Qualifying A Sound Data Acquisition System
J336 Sound Level For Truck Cab Interior

J366a Exterior Sound Level For Heavy Trucks and
Buses

J366b Extericr Sound Level For Heavy Trucks and
Buses

J657C Definitions For Braking Terminology and
Brake Operation Terminology

J658 Service Brake Performance

J919a Sound Level Measurements at The Operation
Station For Agricultural and Construetion
Equipment

Jd952b Sound Levels For Engine Powered Equipment

J986a Sound Levels for Passenger Cars and Light
Truck

J57 Scund Level of Highway Truck Noise
Highway Tire Noise. Symposium Proceedings
Francisco L

124

Sept., TO

Sept. 70

Aug. T3

July 72

June 68

June T1

April 73

July 69

Feb, 63

April T1

Jan 69

July 72

July 73

Nov. 1976



APPENDIX A
EXTERIOR SOUND LEVEL FOR HEAVY TRUCKS AND BUSES

1. Introduction - This SAE Recommended Practice establishes the
test procedure, environment, and instrumentatlon for determining

the maximum exterlor sound level for highway motor trucks, truck
tractors, and buses, The Appendlx contains the recommendations
of SAE for maximum sound level.

2. Instrumentation - The following instrumentation shall be used,
where applicable, for the measurement required: '

2.1 A sound level meter which meéts the requirements of
International Electrotechnical Commission Publication 179, Precision
Sound Level Meters, and ANSI S1.4-1961, General Purpose Sound Level
Meters,

2.1.1 As an alternative to making direct measurements using a
sound level meter, a microphone or sound level recorder or indicat-
ing meter, providing the system meets the requirements of SAE J184.

2.2 A soﬁnd level calibrator.

2.3 An englne-speed tachometer (see paragraph 4.1.1).
3. Test Site

3.1 A suitable test sife shall consist of a level open space
free of large reflecting surfaces, such as parked vehicles, sign-

boards, bulldings, or hillsides, located within 100 ft. of either
the vehlcle path or the microphone. See Fig. 1.



POINT OF POINT OF

ENTRANCE TEST £XiT
(OR EXIT) 2O0NE  (OR ENTRANCE)
100 {30}
CENTER LINE OF Lo 50 {15) ~fo—50 ({5} —~] . .
VEMGLE FATH I

FIG. 1—TEST SITE (SEE PARAGRAPH 3). (VEHICLE MAY BE RUN
IN EITHER DIRECTION)

NOTE: DIMENSIONS ARE FT (m)




3.2 The microphone shall be located 50 ft. from the center-
line of the vehicle path and 4 ft. above the ground plane. The
normal to the vehiele path from the microphone shall establish
the microphone point on the vehilcle path.

3.3 An acceleration point shall be established on the-
vehicle path 50 ft. before the microphone point.

3.4 An end point shall be established on the vehicle path
100 ft. from the acceleratlion point and 50 ft. from the microphone
point.

3.5 The end zone is the last 40 ft of vehlcle path prior to
the end point.

3.6 'The méasurement area shall be the triangular ares
formed by the acceleration polnt, the end point, and the micro-
phone location.

3.7 The reference point on the vehicle, to indicate when
the vehicle 1is at any of the points on the vehicle path, shall
be the front of the vehicle except as follows:

3.7.1 If the horizontal distance from the front of the vehicle
to the exhaust outlet 1s more than 200 in, test shall be run
using both the front and rear of the vehicle as reference points.,

3.7.2 If the engine is located rearward to the center of the
chassis, the rear of the vehicle shall be used as the reference
point, :

3.8 During measurement, the surface of the ground within
the measurement area shall be free from powdery snow, long grass,
loose soll, or ashes.



3.9 BedéuSe.bYétanders'have an appreciable influence on
meter response when they are in the vieinity of the vehicle or
microphone, not more than one person, other than the observer
reading the meter, shall be within 50 ft of the vehicle path or
instrumen?, and that person shall be directly behind the observer
reading the meter, on a line through the microphone and the
observer,

3.10 The amblent sound level (including wind effects) coming
from sources other than the vehicle belng measured shall be at
‘least 10 4B lower than the level of the tested vehicle,

3.11 The wvehicle path shall be relatlvely smooth, dry con-
erete or asphalt, free of extraneous material such as gravel.

L, Proecedure

4,1 Vehicle Operation - Full throttle acceleration and
closed throttle deceleration tests are to be used. A beginning
engine speed and proper gear ratio must be determined for use
during measurements.

4h,1.1 Select the highest rear axle and/or transmission gear
("highest gear" 1s used in the usual sense; it is synonymous to
the lowest numerical ratio) and an initial vehicle speed such
that a wilde-open throttle the vehicle will accelerate from the
acceleration point:

(a) Starting at no more than two-thirds of maximum rated
or of governed engine speed.

() Reacﬁing maximum rated or governed englne speed within
the end zone.

{(c) Without exceeding 35 mph before reaching the end point.
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4.1.1.1 Should maximum rated or governed rpm be attained
before reaching the end zone, decrease the approach rem in 100 rpm
increments until maximum rated or governed rpm is attailned within
the end zone.

4.1.1.2 Should maximum rated or governed rpm not be attained
until beyond the end zone, select the next lower gear until maximum
rated or governed rpm is attained within the end gzone.

4.,1.1.3 Should the lowest gear still result in reaching
maximum rated or governed rpm beyond the permissible end zone,
unload the vehicle and/or increase the approach rpm in 100 rpm
increments until the maximum rated or governed rpm is reached
within the end zone.

4,1.2 TFor the acceleration test, approach the acceleration
point using the engine Speed and gear ratio selected in paragraph
4,1.1 and at the acceleration point rapidly establish wide-open
throttle. 'The vehicle reference shall be as indicated in paragraph
§.7. Acceleration shall continue until maximum rated or governed
engine speed is reached.

4.1.3 Wheel slip which affects maximum sound level must
be avoided,.

b.1.4% TFor the deceleration test, approach the microphone
point at maximum rated or governed engine speed in the gear selected
for the acceleration test. At the microphone point, close the
throttle and allow the vehicle to decelerate to one-half of maximum
rated or of governed engine speed. The vehicle reference shall be
as indicated in paragraph 3.7. If the vehicle is equipped with an
exhaust brake, this deceleration test is to be repeated with the
brake full on immediately following closing of the throttle.
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1

k.2 Measﬁfements

4.2.1 The meter shall be set for "fast" response and the A-weighted
network.

4.2.2 The meter shall be observed during the period while the
vehicie is accelerating or deceleratlng. The applicable reading
shall be the highest sound level obtained for the run, ignoring
unrelated peaks due to extraneous ambient noises. Readings shall
be taken on_both sides of the vehicle.

1,2.3 The sound level for each side of the vehicle shall be the
average of the two highest readings which are within 2 dB of each
other. Report the sound level for the side of the vehicle with
~the highest readings.

5. General Comments - Measurements shall be made only when wind
velocity is below 12 mph.

5.1 It is strongly recommended that technically trained
personnel select equipment and that tests are conducted only by

qualified persons trained in the Qurrent techniques of sound
measurement.

5.2 Proper usage Qf a1l test instrumentation is essential
to obtain valid measurements. Operating manuals or other
literature furnished by the instrument manufacturer should be
~referred to for both recommended operation of the instrument
and precautions to be observed; Specific items to be considered
are:

5.2.1' The effects of ambient weather conditions on the
performance of all instruments (for example, temperature, humidity,
and barometric pressure).



5.2.2 Proper signal levels, terminating impedances, and

cable lengths on multi-instrument measurement systems.

4.2.3 Proper acoustical calibration procedure, to include
the influence of extension cables, etc. Fileld calibration shall
be made Immediately before and after each test sequence. Internal
calibration means 1s acceptable for field use, provided that
external calibration is accomplished immediately before or after
field use.

5.3 Vehicles used for tests must not be operated in a
‘manner such that the break-in procedure specified by the manu-
Tacturer is violated.

6. References ~ Suggested reference material is as follows:
ANST 51.1.1-1960 Acoustical Terminology
ANST S81.2-1967 Physical Measurment of Sound
ANST S81.,4-1961 General Purpose Sound Level Meters
IEC Publication 179, Precision Sound Level Meters

Applications for copies of these documents should be addressed
to the American National Standards Institute, Inc., 1430 Broadway,
New York, New York 10018.

APTENDIX

The SAE recommends that a maximum A-weighted sound level of 88 4B
when measured in accordance with the test procedure described above
be used as a reference in the design and development of heavy trucks
and buses.

An additional 2 dB allowance over the sound level limit is recom-
mended to provide for variations in test site, temperature gradients,
test equipment, and inherent differences in nominally identical
vehicles,
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APPENDIX B

Specifications for Construction Contracts

Suggested noise requirements for the California Department of
Transportation Standard Specificatlons for construction contracis.

Histofz After the passage of the Federal Environmental Policy

Act in 1969 and the California Environmental Quality Act of_1970,
the_California Department of Transportation {(Caltrans) made an

effort to develop specifications to control construction noise.
Caltrans and the contracting industry recognized the desireability

of attaining reduced noise emlssions from construction equipment.
However, there were many dlsagreements on the details of 1lmplementing
a specificaion. '

The following industry comments were offered in 1971.

1. Sufficient lead time was required so that equipment manu-
facturers could retrofit or bulild new equipment to meet any
proposed~noise standards.

2. Apply specifications only when construction is belng done
in noise sensitive areas such as resorts and urban and metropolitan
areas.

3. The proposed specifications could not be completely met with
existing equipment and the contractors should be given a few years
to allow the old equipment to wear out.

L, "Allow higher noise levels when the ambient noise is high.
5. Make measurements at the right of way line.
6. Specify noise limits based on current equipment with reduced

levels in future years.

g Impact type nolse should not be included in the specifications.



Comments - Federal and State laws presently limit noise emissions
from operation of newly manufactured medium and heavy trucks.
Regulations also cover alr compressors and noise emissions from
other equipment are being studied,

The disadvantage of specifying noise at the source is one of
interpretation. Data from one construction machine is not
necessarily applicable to several machines of the same type.
Nolse emission characteristlcs and mitigation measures are not
known for all construction equipment and vary from one to
another. Some construction equlpment emits loud impact noise
that is extremely difficult to control.

Another method of controlling construction noise is to specify
maximum noise levels at the right of way line. This is an

easier more practical method and protects the public but it

does not minimize noise levels for the operators of the equipment.
It also could create problems in metropolitan areas where right

of way is restricted and equipment could be operating in close
proximity to the right of way.

Noise Control Act - The Federal Noise Control Act (NCA) of 1972
(PL 92-574) established by statutory mandate is a national policy

to promote an environment for all Americans free from noise that
might Jjeoparize thelr health or welfare,.

Under the NCA, the Federal responsibility is noise source
emission control of products entering interstate commerce. The
States and other political subdivisions retained authority to
establish and inforce controls on environmental noise. This is
to be accomplished by licensing, regulating, restricting the
use, operation, or movement of noise sources and the level of
noise permitted in their environment.



Speéifications - In view of the past considerations previously
mentioned, the current technology available in this area, and

laws mandating noise control, the following specifications are
proposed for Caltrans construction contracts.

Sound Control Requifements—-Sound control shall conform to the
provisions in Seection 7-1.01N, "Sound Control Regquirements",
of the Standard Specifications.

The noise level from any of the Contractor's operations between
the hours of 9:00 p.m. and 6:00 a.m. shall not exceed 80 dBA
when measured at the right of way (RW) line. When the opera-
tions move close to the RW line a constant 50 feet distance
between the equipment and measurement location outside the RW
line may be established but in no case will exceed 50 feet
beyond the BW line.

The noise level from any of the Contractor's operations between
the hours of 6:00 a.m. to 9:00 p.m. shall not exceed 83 dBA when
“measured at the right of way line., Impact noise 1is excepted.
When the operatlions move close to the RW line, a constant 50
feet distance between the equipment and measurement location
outside the RW line may be established but in no case will
exceed 50 feet beyond the RW line.

The noise level from the Contractor's operations involving impact
noise shall not exceed 90 dBA between the hours of 6:00 a.m. to
9:00 p.m. when measured at the right of way line. When the
operations move c¢lose to the RW line, a constant 50 feet distance
between the equipment and measurement location outside the RW
line may be established but in no case will exceed 50 feet beyond
the RW line.

The above nolse specifications for any contractors operations
between the hours of 6:00 a.m. to 9:00 p.m. shall not apply if
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pédple are engaged in acltivites such as study, work, rest,
play or inhabited buildings are more than 300 feet from the
right of way lilne.

Said noise level requirements shall aprprly to all equipment on
the job or related to the Jjob ineluding but not limi%ed to eapth
moving, materials handling, stationary and impaes equipment that
may or may not be owned by the contractor. The use of loud

These Droposed Specifications should be reviewed and evaluated
on a yearly basis, New noise Standards can be promulgated gs
qQuieter equipment are manufactured, old equipment is replaced
and methods for retrofitting oig equipment is improved.
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APPENDIX C
Specifications for Purchase of New Equipment

Motorcycles - Follow the State of Californla vehiele code (27202)
specifying 75 dBA maximum if manufactured after January 1977.

Trucks -~ Follow the State of California Vehilele code (27204)
80 dBA maximum for vehicles with a 6,000 pound gross vehilcle
welght rating if manufactured after January 1977.

All Other Vehicles - Follow the State of California vehicle code
(22205) specifying 80 dBA maximum if manufactured after January
1974.

Aly Compressors - Follow the U.S. EPA regulations specifying
75 dBA maximum 1f manufactured after January 1, 1978 (capacity
75 and 250 CFM) and after July 1, 1978 (capacity over 250 CFM).

For other construction or malntenance equipment l1listed below a
maximum 83 dBA specification is proposed. Nolse measurements
are made at 50 feet using the SAE J952b or equivalent procedure.

Frontloader Pavers Derrick
Backhoe Saws Pumps

Dozers Vibrators Generators
Tractors Concrete Mixer Jackhammers
Scrapers Concrete Pumps Pneumatic Tools
Graders Crane



APPENDIX D
Guidelines for Quleting Constructlon and Malntenance Equipment

A maximum 86 dBA is proposed for all equipment powered with
gasoline or diesel powered englines. Noise measurements are made
at 50 feet using the SAE J952b or equivalent procedure. The
following is a 1list cf 'such equipment but is not to be construed
as all inclusive.

Trucks Concrete Mixers Graders
Prontloaders . Concrete Pumps Pavers
Backhoes Crane Sc¢rapers
Dozers ‘ Derrick Generatiors
Tractors Pumps ' Jackhammers

Prieumatlc Tools

The above noise limits on stationary equipment and others such
as a jackhammer or pneumatic tools may be achieved by shielding
which is not an integral part of the equipment.



